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A Caliban of a tree, a grizzled, distorted old 
goblin with a girth of a giant, the hide of a 
rhinoceros, twiggy fingers clutching at empty 
air, and the disposition of a guardian angel 
— such is Kimberlley' baobab, friendly ogre 
of the great North-west. Food for his hunger, 
water for his thirst, a house to live in, fibre 
to clothe him, fodder for his flocks, a pot of 
beer, a rope to hang him, and a tombstone 
when he is dead — these are the provisions of 
the baobab for man. In all nature there is no 
ally so kindly, with the possible exception of 
the coconut palm. 


(Ernestine Hill 1940) 


Preface 


Although Alexander von Humboldt never saw a baobab, he wrote: ‘Among organic 
creatures, this tree [Dracaena draco (dragon tree)] is undoubtedly, together with 
the Adansonia or baobab of Senegal, one of the oldest inhabitants of our planet’ 
(Humboldt 1852). 

With their enormous size, distinctive and often grotesque appearance, and great 
age (measured perhaps in thousands of years), baobab trees attract the attention of 
botanists, amateurs, tourists and passers-by wherever they grow. Old specimens 
display highly individual, photogenic characteristics which endear them to local 
people, artists and photographers. European knowledge of the African baobab dates 
back to Renaissance times. 

I first became acquainted with the African baobab in 1952 while working in 
what was then Sokoto Province, Northern Nigeria. Later I worked in the former 
Rhodesias (now Zambia and Zimbabwe) and in the Sudan, and was able to further 
my studies. Although I have written about the African baobab, it was Pat Lowe 
who, in January 2000, persuaded me that we should pool our knowledge and expe- 
riences and write a book on all eight species of this outstanding genus. While I take 
full responsibility for the final text, I have taken advantage of her knowledge of 
baobabs in Africa, Madagascar and especially Australia, and of her constructive 
criticism of the text. 

Pat Lowe migrated to Western Australia in 1972 and 7 years later moved to 
Broome, in the north of the state, where she first became acquainted with the 
Australian species, known as the boab. Finding that no book had been written about 
this remarkable tree, she set about researching the subject and wrote one herself: 
The Boab Tree (Lowe 1998). 

The baobabs have a fascinating life history, although their origins remain uncer- 
tain due to the absence of fossil evidence, but intriguing theories abound. They are 
pollinated by such diverse fauna as lemurs, bush babies, bats and moths. Large 
trees, with their deep shade and numerous small cavities, have become island 
ecosystems, providing shelter for a variety of plants and animals. To study baobabs 
is to learn a great deal also about the natural world that surrounds them and the 
species and people that depend on them for their survival. 

Although the wood is of no value as timber, the trees are important in the economy 
of indigenous people for shelter, food, fodder, medicine, fibre and numerous other 
products and uses. The vitamin C content of the fruit pulp is far greater than that of 
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oranges and serves as an extremely valuable vitamin source; the pulp also provides 
a wide range of essential nutrients and minerals, and is now available in European 
health food markets. 

There is a rich folklore and religious culture associated with the baobabs. 
A number of trees in their host countries are famous because of their historical 
associations and inscriptions. Others are known for their vast girth or their deep, 
capacious hollows. Some hollow specimens have served as prisons, flush toilets, 
pubs and burial places. 

There is a very extensive literature on baobabs, more than 1500 items to my 
certain knowledge. Unfortunately this includes a great deal of second-hand 
information being propagated; for example, usages are often attributed to cultures 
where they do not occur. Where possible I have provided primary references in 
order to overcome this problem. 

I have, with the invaluable assistance, encouragement and editing skills of Pat 
Lowe, endeavoured to make this book a comprehensive survey of our present 
knowledge of the baobabs, hopefully presented in a manner that will make the book 
readable to both the scientist and non-scientist. 1 make no apologies for having 
uncovered a number of loose ends, which I hope other researchers will seek to tidy 
up, and so extend our knowledge of this fascinating genus. 


Aylsham, Norfolk Gerald E. Wickens 


Foreword 


The eight species of baobab have enthralled professional botanists, amateurs and 
passers-by for centuries and, presumably, millennia by virtue of their prodigious 
stature and, for lack of a better term, personality. In addition to innumerable pieces 
of art inspired by baobabs, a substantial body of research has been published in 
disciplines as diverse as ethnobotany, ecology, physiology and taxonomy. This 
work has remained scattered in innumerable journals, books and magazines, written 
in countless languages, posing a major challenge for the researcher. Now, in this 
ambitious work, Gerald Wickens has collected together all the information he could 
gather and has organised it into an exhaustive exploration of the history and biology 
of the amazing baobabs. In its depth and breadth this book rises above the existing 
literature much as a giant Adansonia digitata towers over the African savanna. 

Even the most knowledgeable of botanists will find a treasure trove of information 
about baobabs and their natural history. At the same time the immensity of 
information included in these pages sets into relief the innumerable gaps in our 
knowledge. For, despite the ecological importance of baobabs in diverse ecosystems 
and the large number of researchers that have studied them, there are many unan- 
swered questions. Consequently, this book is sure to promote further scientific 
research on baobabs, their relatives and the ecological communities in which they 
live. This could not be more timely. With so much natural diversity being threatened 
by human activity, the botanical world needs its ambassadors, its charismatic mega- 
flora. And what could be more charismatic than a towering baobab springing into 
flower as dusk falls on the dry, deciduous forests of western Madagascar? 

So, we can only hope that through this inspiring work, more people will come 
to appreciate these awesome trees and work even harder to protect them and their 
ecological homes for future generations to enjoy. 


David A. Baum 
Professor of Botany 
University of Wisconsin 
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Plate 1 Adansonia gregorii, ‘Mermaid Tree" at Careening Bay, Western Australia (Seddon, 2005) 
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Plate 2 Adansonia digitata, ‘The Lovers’. The entwined branches of two baobab trunks fused at 
the base, growing at Chisenga Pool, Zimbabwe (Mullen, 2003) 


Plate 3 Adansonia grandidieri, L’ Avenue des Baobabs’ near Morondava (photo by Pat Lowe) 
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Plate 4 "The Gregory Tree’, Adansonia gregorii at Depot Camp, Victoria River, Northern 
Territory (photo by Pat Lowe) 
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Plate 5 Grown like carrots, the edible roots of seedling Adansonia digitata in Senegal (© Baobab 
Fruit Company, Senegal) 


Plate 6 Adansonia gregorii, the ‘Prison Tree’ at Wyndham, Western Australia (photo by Pat 
Lowe) 
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Plate 7 Sheets of wood from Adansonia rubrostipa drying in the sun (photo by Jonathan 
Ekstrom) 


Plate 8 A roof made from dried sheets of Adansonia wood in Madagascar (photo by Pat Lowe) 


xviii Colour Plates 


Plate 9 A Dogon on a baobab rope scanning the 300m high Bandiagara Cliffs for pigeon guano 
and Tellem artifacts (O José Azel/Aurora Photos) 
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Plate 10 Ropes made from Adansonia bast fibres in the zebu cattlemarket at Morondava (photo 
by Pat Lowe) 
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Plate 11 Adansonia gregorii pod carved by the late Jimmy Pike (photo by Pat Lowe) 


ш 
z 
2 
2 
Е 
7 


Plate 12 Examples of postage stamps showing Adansonia spp. 
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Plate 13 Three fused trunks of Adansonia gregorii at Newry, Northern Territory (photo by Diana 
Mayne) 


Plate 14 The unusual sight of the erect trunk of a dead baobab, on a farm near Messina, South 
Africa, which has shed its bark (photo by Diana Mayne) 
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Plate 15 A clump of Adansonia gregorii showing the ‘mother tree’ with what appears to be one, 
two or possibly several generations of young trees growing beneath its canopy (photo by Pat 
Lowe) 


Plate 16 Regeneration from the fallen trunk of Adansonia gregorii (photo by Martin Sands) 
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Plate 17 Adansonia gregorii with regrowth from 
a broken trunk (photo by Pat Lowe) 


Plate 18 А fruit bat visiting a flowering 
of Adansonia digitata in Kenya 
(photo by David Baum) 


Colour Plates xxiii 


Plate 19 A fork-marked lemur (Phaner furcifer) visiting a flower of Adansonia grandidieri 
(photo by David Baum) 


Plate 20 A hawk moth (Nephele comma) visiting a flower of Adansonia grandidieri (photo by 
David Baum) 


XXIV Colour Plates 


Plate 21 A sunbird (Nectarinia sp.) visiting a flower of Adansonia grandidieri (photo by David 
Baum) 


Plate 22 A fat-tailed dwarf lemur (Cheirogaleus medius) visiting a flower of Adansonia rubro- 
stipa (photo by David Baum) 
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Plate 23 A hawk moth (Coelonia brevis), visiting a flower of Adansonia za (photo by David 
Baum) 
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Plate 24 A pale fork-marked lemur (Phaner furcifer pallescens) visiting a flower of Adasnonia za 
(photo by David Baum) 
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Plate 25 A hawkmoth (Agrius convolvuli) visiting a flower of Adansonia gregorii (photo by 
David Baum) 


Plate 26 ‘Love Tree’, Adansonia gregorii and 
Eucalyptus sp. at Derby, Western Australia 
(photo by Pat Lowe) 
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Plate 27 ‘Turn-round Tree’, Adansonia 
digitata infected with sooty mould, Falls 
Road, 318.5 km from Bulawayo (photo 
by Geof Calvert) 


Plate 28 A stand of Adansonia grandidieri near Morondava at risk of water-logging from 
neighbouring rice fields (photo by Pat Lowe) 
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Plate 29 A monster pod of Adansonia 
digitata from Senegal (O Baobab Fruit 


н фо Company, Senegal) 
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Plate 30 Flower of Adansonia madagascariensis (photo by Pat Lowe) 
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Plate 31 Adansonia suarezensis at Antseranana, Madagascar (photo by David Baum) 


Plate 32 A lorry load of Adansonia digitata fruit pulp destined for Europe (© Baobab Fruit 
Company, Senegal) 
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Chapter 1 
Historical Background 


There are eight species of Adansonia. One, Adansonia digitata, is indigenous to, and 
widely distributed through, the savannas and savanna woodlands of the sub-Saharan 
Africa. It was the first to be discovered and is by far the best documented. There are 
Six species in western and southern Madagascar, Adansonia grandidieri, Adansonia 
suarezensis, Adansonia rubrostipa, Adansonia perrieri, Adansonia madagascariensis 
and Adansonia za, while the eighth species, A. gregorii, is restricted to north-west 
Australia. This chapter deals with our present-day knowledge of the discovery of 
these trees. There is less information available for some species than others; most is 
known about A. digitata. 

In Europe the first published illustrations for A. digitata and A. rubrostipa 
appeared at the end of the 16th century (Alpino 1592; Lodewijcksz 1597). The fruit 
of A. digitata attracted wide attention among the learned but A. rubrostipa, the tree, 
was ignored. Both trees, if noticed at all, were regarded as curiosities, serving as 
landmarks for sailors and travellers, and bearers of their graffiti. 


1 The Exploration of Africa 


There are no records of the first sighting of the baobab tree by anyone from the 
Mediterranean civilisations, and it is not known when early travellers and traders 
made its discovery, the opportunities for which are discussed in the following two 
sections. 


1.1 The Baobab in Ancient Egypt 


Although the baobab does not grow wild in Egypt there has been some speculation 
as to whether the tree or its fruits could have been known to the Ancient Egyptians. 
In the neighbouring Sudan the baobab occurs as far north as Abu Haraz on the Blue 
Nile (south of Khartoum), eastwards through Kassala to Massawa on the Red Sea, 
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and westwards to Jebel Marra (Schweinfurth 1868). It is thus found within the area 
traversed by the caravan trains to and from Egypt via the valley of the Nile and the 
southern end of the desert crossing from the Sudan, via the Derib el Arbain, to 
Egypt (Arkell 1961). 

The Egyptians certainly had access to the Sudan from the time of the Old 
Kingdom. This is evident from the inscriptions near Aswan of Herkhuf, an official 
of the Sixth Dynasty pharaoh Mernere (c. 2300 BC), who had led four expeditions 
from Egypt (Loret and Poisson 1895; Emery 1965). However, the main period of 
Egyptian influence in the Sudan was during the 14th century BC when the 
Eighteenth Dynasty pharoahs, Tuthmosis III, Amenhoten II and III, controlled the 
Nile valley as far south as the Fourth Cataract in Nubia. Even if the caravan leaders 
never collected the fruit, they could not have failed to notice such a conspicuous 
tree on their journeys through northern Sudan. 

The Greek historian Herodotus (c. 484—424 BC) recorded in his Histories that 
Pharaoh Necho II (609—593 BC) commissioned a flotilla of Phoenician ships to 
assemble at the head of the Red Sea and circumnavigate Africa. The voyage took 
nearly 3 years to complete and they returned through the Straits of Gibraltar. 
According to Herodotus, ‘When autumn came they went ashore wherever they 
might happen to be and having sown a tract of land with corn, waited until the grain 
was fit to cut’ before continuing their journey. Herodotus's information is believed 
to have been anecdotal since it is understood that no record of the voyage was pub- 
lished (Cary and Warmington 1963; Cunliffe 20012). Serious historians should not 
indulge in flights of fancy but these Phoenicians must surely have made regular 
landings to take on water and other stores; they could well have seen the baobab 
somewhere during their travels. 

Bonnet (1895) reported seeing three entire fruits and a canister containing 
some seeds in the Museo delle Antichita Egizie (Museo Reale di Torino — 
formerly Turin). They are from a collection made by the Italian diplomat, politi- 
cian and keen dealer in Egyptian antiquities, Bernardino Michele Maria Drovetti 
(1776-1852). He was resident in Egypt between 1803 апа 1830, serving in the 
French consular service in Cairo from 1803 to 1815 and from 1821 to 1829. His 
extra-political duties included responding to requests by French archaeologists, 
botanists (including Delile) and anatomists for materials from both Egypt and 
Nubia (Hill 1967; Dawson and Uphill 1995), although he never travelled further 
south than the Second Cataract. He had little interest in Egyptology per se and 
had no scruples about purchasing items brought to him by the local Arabs (Ridley 
1998). His first collection was sold in 1824 to King Carlo-Felice for the Torino 
museum. Dravetti also sold antiquities to the museums of Paris, Lyon, Marseille, 
Geneva, Berlin, Dresden, Munich, Vienna and the Vatican (Bonnet 1895; Dawson 
and Uphill 1995; Ridley 1998) but enquiries have failed to produce any other 
baobab fruits. 

Unfortunately there is no further information on the provenance of the Torino 
specimens (Marochetti 2001, personal communication). This was not unusual in 
the 19th century as museums and other institutions rarely received or required any 
documentation beyond the continent or country of origin, date and collector's 
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name. If it is presumed that the fruits were from antiquity, they could date from as 
late as early Christian Nubia. Meroe, for example, flourished from the 6th century BC 
to the beginning of the 4th century AD (Shinnie 1967). 

Loret and Poisson (1895) and Beauverie (1935) recorded a fruit among the col- 
lections of the Musée Egyptién du Louvre, Paris. A fruit (No. 1403) was later seen 
and illustrated by Beauverie (1935). A colour photograph of fruit No. 1403 kindly 
provided by Dr. G. Pierrat-Bonnefois, is, in the writer’s opinion, not that illustrated 
in Beauverie (1935, pl. 7, xxix). It is both larger and longer, 24cm compared with 
the 22cm reported by Beauverie. Again, there is no information regarding 
provenance, date or collector, and the only information the number 1403 provides is 
that the fruit was already in the Louvre when the collections were catalogued 
between 1852 and 1857. Neither is there any record of the fruit in the Louvre inven- 
tories of the collections by Drovetti and his rival collector Henry Salt, the British 
consul general in Egypt from 1815 to 1827 (Pierrat-Bonnefois 2002, personal 
communication). 

Thus, it is concluded that the fruits in the Paris and Torino museums probably 
came either from muddled collections or fraudulent dealings, or they may have 
been excavation contaminants. Contaminants can cause problems, and I well recall 
visiting the dig at Wadi Kubbaniya, near Aswan, Egypt, and, with other botanists, 
trying to convince the archaeologists that the stone they had unearthed was the 
stone from a modern cultivated date (Phoenix dactylifera) and not evidence of the 
domestication of the date palm in the Late Palaeolithic! 

The baobab is not in the lists of species from Pharaonic tombs (Braun 1879; 
Loret 1892; Kunth 1926), or among the herbal medicines used by Ancient Egyptians 
(Manniche 1989; Nunn 1996). Although no translations of Ancient Egyptian 
medicinal papyri mention the baobab, only 34 of the indigenous and exotic plants 
used in some 160 plant remedies have been satisfactorily identified (Nunn 1996). 
Nevertheless, Loret and Poisson (1855) and Germer (1985) speculated that, despite 
the lack of evidence, the fruit may have been used by the Ancient Egyptians for 
culinary and medicinal purposes, a speculation I consider has merit. 

Recently, one baobab seed, dating from the 4th to 5th century AD, was found at 
Berenike, on the Red Sea coast of Egypt. It is believed to have been imported, its 
origin and purpose unknown. Ptolemy II (Philadelphos) founded Berenike in 275 BC 
and, during the Roman period, the port developed as a trade route between Rome 
and the Indian Ocean via the Nile Valley, until its abandonment in the 6th cen- 
tury AD (Baldridge 1995; Wendrich et al. 2003; Blench 2004; Cappers 2004, per- 
sonal communication). 


1.2 The Baobab of Ptolemy 


The Graeco-Egyptian astronomer, mathematician and geographer, Claudius 
Ptolemy (c. AD 90-168), born Claudius Ptolemaeus, compiled the eight ‘books’ of 
Geographike hyphegesis (Manual of Geography), with his famous maps of the then 
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known world, freely quoting Marinus of Tyre (c. AD 70-139) as his major source 
of information. The Geographike was lodged in the Great Library of his hometown, 
Alexandria, and was largely ignored by Europe, although the Islamic world soon 
had the work translated into Arabic and adapted its maps. The original manuscript 
was destroyed but more than 40 manuscript copies are known, some fragmentary, 
written in Greek and Latin and dating from the 11th and 15th centuries respec- 
tively. It was not until the 13th century that a Byzantine monk, Maximus Planudes 
(c.1260—1330), discovered part of Ptolemy’s Geographike and translated it from 
Greek into Latin. With this, plus the 1406 translation of the Geographike by Jacopo 
а Angelo, Ptolemy’s work began to be appreciated by Medieval and Renaissance 
scholars (Dilke 1985; Harris 2002). 

Ptolemy’s maps are important to baobab history. As Newbold (1924a) wrote: 
“They [baobabs] are found in Gambia, where, it is believed, they gave their local 
name of "sita", to the Stachir, Ptolemy's name for the river Gambia.’ There were 
no references or further comment. Ptolemy correctly shows the Stachir rising in 
the Rysadine mountains (Fouta Jalon Plateau) and flowing north through Caeonia 
lake and then west to the sea. The people were known as the Stachire (Ptolemy 
1991, Book IV, Chapter VI). 

The source of Newbold's information was Parker (1923), who speculated that 
Stachir could derive from the Mandinka sita (baobab tree) and yiri (water); sita is used 
not only in the Gambia but also by other Mande-speaking peoples in West Africa today 
(see Appendix 1). If this suggestion could be proved, it would confirm that the baobab 
was known to the mariners exploring the west coast of Africa in Classical times. 

The Phoenicians and Carthaginians were certainly familiar with the coast of 
West Africa, with trading posts already established along the Moroccan coast as far 
south as Agadir by 600 BC. Indeed, from c. 500 BC they took great care to exclude 
other maritime Mediterranean nations from voyaging beyond the Straits of Gibraltar 
(Pillars of Hercules). The record of these coastal voyages by the Phoenicians, 
together with their Carthaginian and Greek colonists, are known as periploi, and 
could well have come to the attention of Ptolemy. The voyages of Hanno and his 
successors are particularly relevant. 

In about 425 BC a fleet of 60 penteconters (50-oared ships), led by the Carthaginian 
Hanno, sailed along the west coast of Africa on an expedition that was partly explo- 
ration and partly colonising. On his return to Carthage, Hanno inscribed a brief 
account of his travels in the temple of Baal. Unfortunately, Hanno's periplus did 
not survive and is now only known from a somewhat garbled pre-Hellenic 
Greek translation. 

This successful expedition attracted further explorations and, shortly after 
Hanno, the Massalian (from ancient Marseille) seafarer Euthymenes also explored 
the coast of West Africa and reached at least Dakar and the River Senegal, and 
possibly Ghana. The Romans, however, never ventured beyond the Straits of 
Gibraltar (Cary and Warmington 1963; Blomqvist 1979; Dilke 1985; Cunliffe 
2001a, b; Anonymous 2004a, b). 

Following the Third Punic War and the fall of Carthage in 146 BC, the Greek 
historian Polybius (c. 202-120 BC) borrowed a fleet from the Roman commander 
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Scipio Aemilianus to retrace Hanno’s voyage; he too may have reached Gabon. 
Pliny the Elder (AD 23-79) gave an inaccurate account of this and other voyages 
in his Historia naturalis, Book V, Chapter 10, but virtually ignored Hanno’s epic 
voyage; neither is the baobab identifiable among the plants mentioned in Books 
XII-XVI (Rackham 1942, 1945). 

Many historians refused to believe that Hanno could have voyaged so far or that 
his distances were accurate. Vivien de Saint-Martin (1863) identified the Rysadine 
mountains/cape with Cap Boujdour (Cap Bojador) in Western Sahara, from which 
no major rivers arise, with the Stachir to the north of Cap Boujdour. Müller (1882) 
also located the Stachir in the Western Sahara and identified it with the flumen 
Salsum or Assa, the location of which varied widely according to Pliny's various 
sources but was never associated with the River Gambia. Recent research has cor- 
rected these misconceptions; Newbold's association of the Stachir with the baobab 
remains unproven, though Hanno and his successors undoubtedly saw the baobab 
during their voyages to Senegal and beyond. 


1.3 The Baobab in the Middle Ages to Linnaeus 


The earliest known mention of the African baobab tree and its fruit is in the Kitab 
al-Masálik wa'l-Mamálik (Book of Roads and Kingdoms) by the early 1 1th-century 
Spanish Muslim geographer al-Bakri (1068). In the Soninke state of the Ghana 
kingdom (in present-day Mali and Mauritania), al-Bakri reported that six days 
journey from the historic town of Ghana, in the province of Taqa, there was a quite 
common tree called ‘tadmut’, whose fruits are filled with a sweet and sharp-tasting 
candy-like substance used to cure fever. The name cited by al-Bakri is related to the 
name tadaumit (plural tadumit), now used to mean ‘baobab’ by the Zenaga, a 
Berber tribe in southern Mauritania. The Arab historian Ibn Fadl Allah al-Omari 
(1301-1349) also lists tadmut among the wild fruit trees and reports that the fruit 
pulp is eaten (Lewicki and Johnson 1974; Levtzion and Hopkins 1981). 

The baobab is mentioned by the 14th-century Moroccan traveller Abu Abd 
Allah Muhammad ibn 'Abdallah Battuta (c.1304—1373), better known as Ibn 
Battuta, who made a pilgrimage from Tangier to Mecca. From Mecca he continued 
his journeys, in the course of which he became the only mediaeval traveller known 
to have visited the lands of all the Muslim rulers of that time, as well as such infidel 
domains as Constantinople, Sri Lanka and China. In all, he travelled more than 
130,000km. Travelling from Walata (fwálátan) in present-day Mauritania to the 
town of Mali in Guinea, then in Mandingo empire of Mali, he wrote: 


On the way there are many trees, and these trees are of great age and girth; a whole caravan 
may shelter in the shade of one of them. There are trees which have neither branches nor 
leaves, yet the shade cast by their trunks is sufficient to shelter a man. Some of these trees 
are rotted in the interior and the rainwater collects in them, so that they serve as wells and 
the people drink of the water inside them. In others there are bees and honey, which is col- 
lected by the people. I was surprised to find inside one tree, by which I passed, a man, a 
weaver, who had set up his loom in it and was actually weaving. (Ibn Battuta 1929) 
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Ibn Battuta also mentioned a tree with a fruit resembling a melon and known in Arabic 
as al-faqqus (cucumber), the mealy pulp of which was cooked and sold in the local 
market. The early 15th-century Portuguese travellers to West Africa called the baobab 
fruit cabaceyre, and the 17th-century French calebassier, i.e. gourd. These references 
to the Cucurbitaceae and cabaceyre led Lewicki and Johnson (1974) to identify al- 
faqqus as а baobab fruit. 

The baobab was not mentioned by the Granada-born Moroccan scholar AI- 
Hassan Ibn Mohammed Al-Wezáz Al-Fási (c.1494—1552), better known as John 
Leo or Leo Africanus, who travelled widely through West Africa between 1511 and 
1517. Leo's original 1526 manuscript was lost, although Gian Battista Ramusio 
(1485-1557), Secretary of the Vatican Council of Ten, had made a reasonable copy 
in 1554, and there were later editions in 1563, 1588, 1606 and 1613. A number of 
plagiarised and inaccurate translations of these editions were published, one of 
which was unfortunately used by John Pory, the English translator of Leo (1600), 
resulting in a number of inaccuracies which were corrected by Robert Brown in the 
1896 Hakluyt edition of Leo. 

Occasional references to the tree can be found in the reports of various European 
explorers from the 15th century onwards, and much of the information in these 
records has since been confirmed from local ecological studies. Gerber (1895) pro- 
vided an interesting account of some of these early travellers and their references 
to the baobab fruit. Although most of these descriptions by these early explorers 
were clearly of the baobab, they were invariably full of fanciful inaccuracies, which 
Gerber attributed to poor observations by non-botanists. 

A historical account of the exploration of the west coast of Africa by Portuguese 
navigators is provided by Gomes Eannes de Azurara (с.1400-с.1473), the 
Portuguese historian and official Chronicler and Keeper of the Royal Archives to 
Afonso V of Portugal, in his Cronica de Guiné (Azurara 1896). He provided therein 
the first good layman's description of the baobab, reporting that in 1445 the arms 
of the Infante D. Henrique of Portugal, later known as Henry the Navigator, were 
found engraved upon a baobab on one of the two islands known as the Îles de la 
Madeleine. 


And in that island in which the arms of the Infant were carved they found trees of great 
size, and of strange forms, and among these was one which was not less than 108 palms in 
circuit at the foot. And this tree doth not grow very high, but is about as lofty as the walnut 
tree and from its middle bark they make very good thread for cordage, and it burneth like 
flax. The fruit is like a gourd, and its seeds are like filberts, and this fruit they eat green, 
and the seeds they dry. And of these there is a great abundance, and I believe they use them 
for their maintenance after the green faileth them. (Azurara 1899) 


The palm is an Ancient Egyptian measurement introduced by the Romans to 
Portugal and Spain. There are two sizes: 1 small palm (palmo menor) — about 
7.5 cm and 1 large palm (palmo mayor) = about 17.5 cm (Pauley 2004). Thus, the 
trunk diameter is either about 2.6 m or about 6 m. It is undoubtedly the former since 
the same tree, measured by Adanson in 1749, had a diameter of 1.92 m. The height 
from which the trunk was measured is not known but presumably was not from the 
base (Mauny 1961). 
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The year 1445, cited by Azurara, is noteworthy because 1444 was the date of the 
discovery of Cape Verde by Denis Diaz. There was certainly a baobab on the Iles 
de la Madeleine that bore a number of inscriptions dating from before 1500, to 
which Thevet and Adanson’s companions added their own names, in 1555 and 
1749 respectively, while Adanson contented himself with renewing two of the 
names. The flot Sarpan, commonly misnamed Île aux Serpents, is the only accessi- 
ble island, and despite searches by Théodore Monod in 1938 and 1943, no trace of 
that particular baobab has been found (Mauny 1961). 

Ficalho (1947) attributed Azurara’s description to mariners who saw a baobab 
in 1447 or 1448 on Bisiguiche (Bisiquienne), an island off the coast of Guinea- 
Bissau. It was the practice of Portuguese mariners at that time to record the progress 
of their explorations by marking prominent trees or by erecting wooden crosses or 
stone pillars (padroe) marked with the royal coat of arms. Thus, more than one tree, 
not always baobabs, bore the Infante's arms. There are problems in identifying 
many of the locations of trees from the rather meagre descriptions given by 
Azurara, and in knowing the dates they were rediscovered. 

Under the patronage of Henry the Navigator, the Venetian merchant adventurer 
Alvise da Ca' da Mosto (c.1424—1483), better known as Cadamosto, made several 
voyages to West Africa. In 1456 he entered the Gambia (Gambra) River, where he 
recorded in his journal a description of what is obviously a baobab from near 
Tendaba, ‘a very great and broad tree; its height, however, was not in proportion to 
its size, for while we judged it to be about 20 paces high, we found the girth by 
measurement to be about 17 paces round the foot. It was hollow in many places, 
and its branches were very large so that they threw a deep shade around' (Cadamosto 
1937; Gamble and Hair 1999). However, Gerber (1895) believed that Cadamosto 
saw this tree, not near the Gambia River, but on the banks of the River Senegal, the 
locus classicus for the baobab. 

The intrepid Portuguese navigator Vasco da Gama (с.1469—1525) became 
acquainted with the baobab during his epoch-making voyage of discovery in 
1497-1499. Da Gama sailed around the Cape of Good Hope to the island port of 
Mombasa and to Malindi in Kenya and then, with the help of an Arab pilot, to 
Calicut on the Malabar Coast of India. In 1502 da Gama founded colonies at the 
ancient port of Sofala and on the island of Mogambique; Sofala was then the prin- 
cipal outlet for the gold trade of the hinterland empire of Monomotapa. Both colonies 
are in what is now Mozambique, the early explorers of which provided Scaliger 
(see below) with his baobab (guanabanus) fruits. 

From 1506 to 1510 the Portuguese mariner Valentim Fernandes explored the 
coast of West Africa and reported numerous large trees of 120 palms (9-12 т) in 
circumference on Íle de Palma, Cape Verde (Monod et al. 1951). 

Fernandes also recorded information he had obtained from the mariner Gonçalo 
Pires of the plants growing on Sáo Tomé; these plants were reviewed by Monod 
(1960), who confirmed the identity of the cabaceyra or calabassier as A. digitata, 
the fruit of which Fernandes reported as edible. 

A cosmographer and member of the Friars Minor of the order of St. Francis 
d'Assisi, André Thevet (1502-1590), arrived in 1555 at the uninhabited fles de la 
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Madeleine where, on one of the islands, he found a baobab. He called the tree an 
Arbre du Cap-Vert a feuilles de Figuier and provided a description of the large edible 
fruit and its kidney-shaped seeds (Thevet 1557). The 1569 English translation reads: 


which beareth leaves like to our Figge trees [Ficus carica]: the fruite is a two foote long or 
there about, and great in proportion like to Cowcombers of the Isle of Cypres. Some eate 
of this fruit, as we doe Myllions or Pompons, and within this fruit, there is a graine of the 
greatness of a Beane [Vicia faba]. Wherewith some of them feede their Apes and Munkeys: 
others make rollers to put about their necks, for it is very faire when it is dried and seasoned 
(Thevet 1971). 


Botanists from Adanson (1763) onwards have accepted the description as being 
of A. digitata. The existing baobabs on the island are all stunted, notwithstanding 
Azura’s assertion (above) that there was a baobab of massive girth and with the 
height of a walnut tree, bearing a coat of arms. 

Thevet came from Angouléme in south-western France, and baobab leaves sug- 
gested to him a resemblance with the deeply lobed leaves of the common fig (Ficus 
carica). The horse chestnut (Aesculus hippocastanum) would have been a better 
comparison but Ungnad did not introduce that species into Europe until c.1576 
(see below). The “cowcomber’ in Cyprus is probably the cucumber (Cucumis sati- 
vus). ‘Myllions or pompons’ are rendered as ‘sweets and melons’ in the original 
French edition of Thevet (1557). 

Exploring the Gambia River the English trader Captain Richard Jobson (7. 
1620—1623) described the baobab fruit ‘Whereupon the Baboones and Munkyes 
use to feede’ (Gamble and Hair 1999). 

In 1662 Bento Banha Cordoso noted baobabs growing at the mouth of the 
Senegal River (Ficalho 1884), and it was also from Senegal that Dapper (1686) 
depicted the use of hollow trees for burials. 

In Renaissance Europe the baobab was at first only known by its fruit, of which 
there were a surprising number in circulation among scholars. Each collection was 
known by a vernacular name, usually that used in the country of origin, e.g. ‘Guanabanus 
sensu Scaliger’, Bahobab, Calabacera, Abavo, Marak’a and Tomaraka. This multi- 
plicity of names (at least 400 vernacular names are used for A. digitata in Africa 
today — see Appendix I) caused much argument as to whether the fruit belonged to 
one or more species, a question further complicated by the emphasis placed on 
minor morphological differences in the fruit shape. It was not until the 18th century 
that the problem was satisfactorily resolved following the development of the 
Linnaean binomial system for labelling the flora and fauna. 

The first recognisable botanical description of the baobab fruit was that of the nat- 
uralised French scholar, physician and natural scientist from Verona, Jules-César 
Scaliger (1484—1558). Born Benedetto Bordone, he claimed but could not prove 
descent from the princely della Scala family of Verona and changed his name to 
Scaliger. He later settled in Agen, France, where he wrote many learned works and 
gained a reputation for his disputatious nature (Rose 1975). According to Gerber 
(1895) Scaliger described a baobab fruit, which he called Guanabanus, that he had 
obtained from Mozambique, where Vasco da Gama had earlier established a 
Portuguese colony. 
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The following translation of Guanabanus in Adanson (1761) is said to be from 
Scaliger’s De Subtilitate, lib. VI: 


The Guababanum has a hard furrowed husk like that of a melon and covered in a green 
down comparable in softness to that of a quince [Cydonia oblonga]; at its top end is a 
strong, thick and fibrous peduncle, by which it is suspended from the branches of the tree; 
the opposite extremity ends in a point; this fruit is filled with a white pulp, so fibrous that 
it is possible by the pressures of the fingers to reduce it to a fine powder; this pulp is tart 
to the taste; the Ethiopians [Africans] used this to assuage the thirst from burning fever; 
there is a scattering of black seeds, resembling kidneys or those of Anagaris [Anagyris 
foetida, a Mediterranean legume], attached by their fibres to their hilums; after sowing, 
these seeds produce young plants with leaves of the laurel [Laurus noblis], which perished 
at the first signs of winter. 


The same description is found in Gerber (1895) and was clearly copied from 
Adanson (1763). However, there is a mystery since the above description, attrib- 
uted to Scaliger, cannot be found in his Exotericarum exercitationum liber quintus 
decimus de subtilitate ad Hieronymum Cardanum (Scaliger 1557) and liber XV 
(Scaliger 1615). Instead there is brief description under section 6, Guanabanus. 
Liquamen, that could refer to a baobab fruit since no Annona fruit could be called 
thick and fibrous (Verdcourt 2001, personal communication). To complicate mat- 
ters further, the name Guanabanus is a corruption of guandbana or soursop 
(Annona. muricata), a native of tropical America, and one of the first fruit trees to 
be introduced to the Old World following Columbus’s discovery of America. Both 
species are credited with producing thirst-quenching pulp, and to be used as febrifuges 
(Verheij and Coronel 1991; Mabberley 1997). The reference to a soft, green down 
covering the fruit certainly apply to baobab fruit; the soursop is covered with soft 
spines, 6mm long, although the reference to laurel-like leaves is puzzling. It is pos- 
sible a confusion arose from the incorrect citing of Scaliger’s contributions to the 
encyclopaedic De subtilitate libri (Cardano 1550, Liber XIT. 270), the first edition 
of which contains yet another brief description of Guanabanus. 

Among other works, the Italian mathematician, physician and philosopher 
Girolamo Cardano (1501—1576) published two encyclopaedias of natural science, 
one of which was De subtilitate libri XXI and a supplement, De verum varietate 
(Cardano 1557). Both works were written in an elliptical and often obscure Latin, 
and contain a veritable cocktail of miscellaneous information, both real and imagi- 
nary. Eight editions of De subtilitate and seven editions of the French translation 
were published (Gliozzi 1971). Nearly all of Cardano’s writings, including the cited 
references to Guanabanus, are collected in the 10 volumes of his Opera omnia 
(Cardano 1663). 

The brief description of Guanabanus in Scaliger (1557) includes a spirited com- 
plaint by Scaliger of Cardano (1550), accusing Cardano of the unauthorised trans- 
fer of Guanabanus from Book 6 to Book 12, and of describing the pith as liquamen, 
‘a shocking mistake since liquamen means “fish sauce”’. Unfortunately Scaliger 
based his critique on a 1554 Lyons reprint of the first edition of De subtilitate libri 
XXI, rather than the 1654 revised second edition. When Cardano failed to reply 
immediately, Scaliger was stricken with remorse and, believing him dead, wrote a 
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funeral oration in which he repented of his attack on Cardano’s work. Ironically, 
Cardano responded to Scaliger’s attack in the third edition of De subtilitate 
libri XXI, (Cardano 1660), 2 years after Scaliger’s death (Rose 1975). He com- 
plained that Scaliger had failed to understand the context in which the offend- 
ing passage appeared, as part of a section on breads and cereals in a discussion 
on the preservation/prolongation of human life. Furthermore, he, Cardano, had 
limited his discussion to what he considered relevant in context, and saw no 
need to regurgitate every fact mentioned by other authorities about the plant in 
question. In no uncertain terms Cardano dismissed all of Scaliger's criticisms 
and mounted a personal attack on Scaliger, littering his comments with such 
words and phrases as ‘ignorance’, ‘stupidity’, ‘barbarous style’, ‘ignorant and 
stupid contentions under the guise of subtlety’, etc. (Cardano 1660). 

This intemperate exchange, while fascinating reading, does not provide an 
unambiguous description of the fruit. Guanabanus is clearly a confusing name for 
A. digitata, nevertheless it was cited by Bauhin (1623), Bauhin and Cherler (1650— 
1651) and Ray (1688) but not by later authors; Linnaeus (1753a) mentioned 
guanabanus correctly when describing Annona muricata. 

Despite Scaliger’s earlier description, credit for the first description is usually 
given to the Venetian herbalist and physician Prospero Alpino (1553-1616), as 
it is unambiguous and supported by a clear woodcut of the fruit. Alpino had 
spent the years 1580—1583 in Cairo as physician to the Venetian consul Giorio 
Emo; Egypt had then been part of the Ottoman Empire since 1517. En route to 
Cairo, Alpino botanised in Crete, an island later to become the home of his near 
contemporary Onorio Belli (see below). The stay in Crete was not as surprising 
as it might at first appear for Crete had been governed by the State of Venice 
since 1210 and was to remain so until 1669. Cairo was then, and still is, the ter- 
minus for the East Saharan trade routes and was an important centre for 16th 
century Venetian merchants. In 1594 Alpino became ‘reader in simples’ at the 
University of Padova (Padua), and in 1603 director of the botanic garden at 
Padova which, in 1545, was the second botanic garden to open in Europe, a year 
after the one at Pisa (Stannard 1970; Dicks 1986). 

In his pioneer study of the flora of Egypt, De plantis aegypti liber, Alpino (1592) 
described 57 wild and cultivated plants from Egypt, including the fruit Ba hobab 
(baobab), which he had found in the Attarin, the drug market of Cairo (Fig. 1). 

A literal translation of the Latin reads: 


The Ba hobab is a fruit the size of a lemon, similar to a gourd; inside it has black, hard 
seeds, their sides curved, as it were, into a semicircle, and with a gourd-like flesh, which, 
when fresh, is moist and red, with a not unpleasant acidic flavour. When recently cut from 
the tree, the fruit is very pleasant to the taste, and in the scorching lands of Ethiopia [1.e. 
Africa] wealthy people temper its acid taste with sugar; it is an excellent thirst-quencher 
and refresher. There, I have heard, they use it for all hot physical conditions and all rotting 
fevers — especially plagues; sometimes they eat the pulp with sugar, sometimes they 
squeeze the juice out and drink it with sugar or make a syrup from it and take it that way. 
In Cairo the fresh fruit is not obtainable; the inhabitants use the pulp, after it has been 
reduced to a powder: this is ‘red earth’, which has an astringent, acid flavour such as 
one observes in ‘Lemnian earth’. The most widely known use of that earth, among many 
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Fig. 1 Woodcuts from Alpino (1592). Left: a flowering citrus fruit bearing baobab fruits. Right: 
a baobab pod. (OWelcome Institute.) 


people, is for pestiferous fevers and for spitting of blood, diarrhoea of undigested food, 
dysentery, bloody flux from the liver, and for firming menstrual flows. Some people reduce 
a dram of that earth to a very fine powder, dissolve it in the sap of a plantain [Musa x 
paradisiaca], and use it, either by boiling it or infusing it, for those illnesses mentioned 
above. I have seen in an orchard the tree which bears these fruits; the size and shape of its 
leaves are very similar to those of orange trees. 


The reference by Alpino to a red instead of a white pulp is perhaps a little unusual 
and is discussed further in Appendix 3. 

Alpino's description was supported by two woodcuts. The first shows a 
nondescript shoot with simple leaves; the second is a recognisable flowering shoot 
of a Citrus sp., as is evident from the 4-partite flower and the simple leaves (Fig. 1). 
The artist unfortunately erred by draping the shoot with several baobab fruits! 
Thus, Alpino's claim to have seen the tree in Cairo, and his description of the 
leaves as resembling those of a citrus, appear ridiculous. Nevertheless, it is possi- 
ble that Alpino was shown a juvenile baobab, which initially bears simple leaves. 
The remark by Clusius (1605) that Onorio Belli (Honorius Bellus) had also noted 
the resemblance of the first leaves to those of a lemon tree supports this view. 
Nevertheless, for this error Alpino has been vilified as a fraud and a liar, when his 
only 'crime' was to believe the mature plant must also resemble a citrus; far better 
botanists than he have made similar or worse errors. It could be argued that the two 
clusters of five leaves are crude representations of digitate leaves, and that the sin- 
gle leaves and the groups of three are artistic licence, but I am not convinced. 

The Swiss botanist Conrad von Gesner (1516-1565), in his Historia Plantarum 
(Gesner 1541), also refers to a fruit, possibly from Guinea, i.e. West Africa, as per- 
haps the Guanabanus of Scaliger. The German anatomist and botanist Johann 
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Veslinger (1598-1649) copied Alpino’s original description of the bahobab in his 
Observationes de Plantis Ægypti (Veslingius 1638). Trained as a physician and 
excelling in anatomy and surgery, Veslinger was also interested in botany and is 
generally regarded as a more accurate observer than Alpino. 

Veslinger became a physician to Alvise Cornaro during the latter's term as 
Venice's representative in Cairo from 1628 to 1633, where Veslinger studied the 
Egyptian flora with great interest. On his return he was appointed to the chair of 
anatomy at the University of Padova (Padua), but in 1638 he turned his attention to 
botany and, like Alpino, the botanic garden (Hintzsche 1976). 

The Observationes de Plantis Ægypti (Veslingius 1638) has separate pagination 
and is bound with Alpino's second edition of De plantis aegypti liber (Alpino 
1640). It was not a separate work but was issued by the publisher as an integral part 
of Alpino (1640). The practice at that time was usually for the binding to be added 
by the book's owner rather than by the publisher (Bakewell 2001, personal com- 
munication). Veslinger did not make an exact copy of Alpino for he added a few 
grammatical errors and printing corrections of his own as well as omitting the line 
shown in bold italics in the above translation of Alpino (1592). 

This omission gave the impression that the powdered pulp was the medicinal 
earth ferra lemnia and was probably responsible for Gerber (1895) and other 
authors suggesting that the pulp was being fraudulently used as a substitute for 
terra lemnia. The text relating to the bahobab in Alpino (1640) is virtually 
unchanged, as is also that of Alpino (1735), but is differently typeset and with the 
woodcuts replaced by engravings. However, Observationes by Veslinger (1735) in 
Alpino (1735) is without separate pagination (Bakewell 2001, personal communi- 
cation). Here Veslinger described the fruit in greater detail and suggested that it 
more closely resembled the abovo described in Clusius (1605) than the bahobab of 
Alpino. He also reported that the fruits were 'cut through the middle' for sale in the 
Cairo markets and that the dried fruit pulp, which had a reddish appearance and 
astringent taste, was used as a substitute for terra lemnia. 

The silica-rich volcanic clay from the Island of Limnos [Lemnos] in the Aegean 
is known as terra lemnia or, when cast into large tablet-like units or troches, terra 
sigillata, i.e. stamped earth, and was, in Classical times, impressed with the head 
of Artemis, the virgin goddess of the hunt and the moon. This astringent medicinal 
earth was considered a sovereign remedy for wounds, abrasions, ulcers and the 
bites of mad dogs and snakes. According to Greek mythology, during the Trojan 
War the champion Greek bowman Philoctetes developed a gangrenous leg and was 
hastily despatched to Lemnos. Cured, he returned in time to kill Paris outside the 
Trojan walls. 

Dedicated to the ‘earth fire’ cult of Hephaestus (the lame god of fire), on a specific 
day each year and under the supervision of a priestess, the Lemnian earth was dug 
from a specially guarded mound. One eyewitness, the Greek physician Galen 
(Claudius Galenus of Pergamum, c. AD 130-200), described the manufacture of 
the troches in Book IX of his De simplicium medicamentorum tempera-mentis ac 
facultatibus, and noted that only one wagon load of the precious earth was removed 
each year. Today the annual ceremony of digging the Lemnian earth is performed 
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on the Feast of the Transfiguration of our Lord (6 August) under the supervision of 
a Greek Orthodox priest. The earth is then sold in the island’s pharmacies as a sure 
cure for insect bites. Another witness, Dr. John Covel, wrote in his diary (1664— 
1677) that ‘Women drink it to hasten childbirth, and to stop the fluxes that are 
extraordinary; and they count it an excellent counter-poyson, and have got a story 
that no vessel made of it will hold poyson, but immediately splinter in a thousand 
pieces’ (Dicks 1986). 

Although the famous Lemnian earth was the most popular of the available 
medicinal earths, doubts about its purity and authenticity arose during the 
Renaissance, especially after the Turks seized the island in 1456. Supplies 
dwindled and the price accordingly rose. Authentic Lemnian earth was red in 
colour and stamped with a seal, hence its alternative name of terra sigillata. By 
the 16th century, other sealed earths and counterfeit Lemnian earths in a range of 
colours began to appear (Dalziel 1937; Dannenfeldt 1984; Cowen and Helfand 
1990). Pomet (1712) commented on the confusing number of sealed earths and, 
in referring to terra lemnia, states: ‘As to the Earth of Lemnos, tis said to be the 
same with the Seal'd Earth, but in its natural State, without any Impression upon 
it? Hasluck (1909—1910) interpreted this phrase to mean the ‘earth’ was probably 
terra lemnia sigillata mentioned in the Encyclopedia Britannica (MacFarquhar 
1797). This was baobab fruit pulp imported into Europe and apparently used for 
treating fevers, dysentery and bloody flux, i.e. dysentery with colo-rectal haemorrhage. 
The dose was 1 drachm (3.3 gm) of sieved pulp in water or a plantain infu- 
sion, i.e. psillium from the mucilaginous seeds of Plantago afra. Terra lemnia 
sigillata, i.e. stamped Lemnian earth, means the pulp was stamped, so why did the 
scholarly Hasluck confuse it with Pomet's natural or raw, unstamped ferra lemnia? 
Pomet (1712) does not mention the baobab in his A Compleat History of Drugs, 
which suggests the pulp was not yet being used medicinally in Europe. It is 
unclear from MacFarquhar (1797) whether the name terra lemnia sigillata 
implied baobab pulp was being used as a fraudulent substitute for terra lemnia 
but, given the prescribed dosage, does suggest that the pulp was being used 
medicinally in the late 18th century. 

Adanson (1757, 1776) and Savigny (1818) reported that various African coun- 
tries, particularly Morocco and Egypt, bought baobab fruit from the Arabs (Moors) 
and Mandingo of Senegal. From Egypt the fruit was transported to Levant, from 
where the powdered fruit pulp was exported to Europe. However, there is no posi- 
tive evidence that baobab pulp was ever fraudulently used as a substitute for terra 
lemnia (Loret and Poisson 1855), although it might be suspected. 

It was the custom of the Turkish court to present tablets of Lemnian earth and baobab 
fruits to retiring foreign ambassadors and other dignitaries. Now Ogier Ghiselin de 
Busbecq (see below) had seen the successful use of the earth against plague, became 
interested and commissioned the Spanish physician Stefano Albacario to investigate the 
earth, whose account was then sent to Ferdinand's physician, Pier Andrea Mathiolli 
(1501-1577). The French naturalist Pierre Bellon (1517—1564) also investigated terra 
lemnia during his tour of the eastern Mediterranean in 1546 (Hasluck 1909-1910). 
Again there was no suggestion of any fraudulent substitution by baobab pulp. 
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The physician and botanist Onorio Belli (1550—1604), like his near contemporary 
Alpino, studied medicine in Padova (Padua) and in 1583 went to work in Crete as a 
physician to a Venetian trader. He settled in Khaniá (Canea) where, apart from a 
brief visit to Venice and Padova in 1592, he remained until 1599. From Khaniá he 
made a pioneer study of the island's coastal flora, and accompanied Alpino on sev- 
eral botanical excursions (Baldacci and Saccardo 1900). 

In 1595 Belli obtained several abavi fruits from his friend Caspo (name barely 
legible) that had been brought to Cairo from Saylac (Zeila) in Somalia, then an 
important seaport in the Gulf of Aden, some of which he sent to Caspar Bauhin. 
He also planted some of the seed in earthenware pots. In his letter to Clusius (Belli 
1596: 162-167), written in a deceptively neat, elegant but barely legible Latin, he 
gave a detailed description of how he had watched the growth of the young abavo 
and noted the changes from simple juvenile leaves and the progressive increase in 
the number of leaflets to the adult digitate leaves. He compared Scaliger's descrip- 
tion of the guanabanus with Alpino's bahobab and also reported that the pulp of 
his abavi was reddish. Apparently Belli considered sending a fruit to Clusius would 
be difficult and instead sent him a drawing made by Ginellus in Padova. 

Despite the case endings abavi, abavo, abavus used by early botanists, abavi 
is not the Latin for great-great-grandfather. It probably takes its name from the 
Abavi River (the Father of Waters) which, according to the Portuguese missionary 
Fr. Jerónimo Lobo (1593-1678), was the Ethiopian name for the Blue Nile 
(Gold 1985). The Abavi River is shown by the Venetian cartographer Fra Mauro 
(d.1459) in his Mappamondo (Zurla 1806). Today the Ethiopian name for the 
river is Abbai. Baobabs still occur near where the Abbai enters the Sudan. 

Originally trained as a lawyer, the French botanist Charles de l'Escluse (1526— 
1609), better known to botanists as Carolus Clusius, botanised widely in Europe. 
In 1573 the Holy Roman Emperor, Maximilian II, appointed him court physician 
and overseer of the Imperial Botanic Garden in Vienna; he left in 1587 to work for 
De Bry in Frankfurt am Main. His reputation was such that in 1593 he was 
appointed to the prestigious chair of botany at the University of Leiden, then the 
centre for botany in Europe (Jovet and Mallet 1973). In his Rariorum plantarum 
historia (Clusius 1601) he rejected Alpino's description of the leaves and instead 
included Belli's observations, and in his Exoticorum libri decem (Clusius 1605) 
provided an excellent description of the fruit of baobab sive abavi that he had 
received in Frankfurt in 1591 from his close friend, the London apothecary James 
Garret (Jacobus Garetus). Garret had bought the fruit from sailors returning from 
* /Ethiopia', a name that, in its classical sense, refers to Africa south of the Sahara, 
although the reference to abavi suggests that, like Belli, Garret obtained the fruit 
from Saylac. Garret is perhaps best known for his disapproval of the first edition of 
Historie of Plants by Gerard (1597); later Garret was to become surgeon and herbalist 
to King James I (Woodward 1990). 

While in charge of the Imperial Botanic Garden at Vienna, Clusius also received 
several fruits from Ogier Ghiseln de Busbecq (Augerius Busbequius), Charles Rym 
(Carolus Rymius), David Ungnad (Davidus Ugnadius) and Frederick Prayner 
(Fredericus Praynerus). Süleymân I the Magnificent, who ruled the Ottoman 


1 The Exploration of Africa 15 


Empire from 1520 to 1566, presented baobab fruits and other gifts to envoys on 
their retirement from Constantinople, a practice that was also followed by his suc- 
cessors, Selim II (1566—1574) and Murad III (1574—1595). 

Busbecq, the diplomatic representative at Constantinople from 1526 to 1564 of the 
Habsburg ruler and Holy Roman Emperor Ferdinand I, is also credited with presenting 
tulip bulbs (Tulipa spp.), lilac (Syringa vulgaris) and other plants to Clusius; he is also 
famed for his part in the acquisition of the Vienna Codex of Dioscorides. 

Rym, Signeur of Bellem, Eckenbeke and Schuervelde, served as an ambassador 
to Maximilian II who, in 1564, had succeeded his father Ferdinand I. According to 
Le Marois (2006a, b) Rym was in Constantinople from 1565 to 1572; a letter in the 
Leiden University Library from Rym in Constantinople, dated 13 August 1572 to 
Clusius in Mechelen (Malines), confirms Rym's presence there in 1572. 

Ungnad, Baron von Sonneck, was Maximilian II’s ambassador in Constantinople 
from 1573 to 1576. He, like Busbecq, sent plants to Clusius in Vienna in c.1576 but 
they all perished except for a horsechestnut (Aesculus hippocastanum) and a cherry 
laurel (Prunis laurocerasus). 

Prayner died in Constantinople during his tenure as ambassador, dates not known, 
and his baobab fruit was presented to Clusius by his brother Sigmund Prayner (Clusius 
1605; Stearn 1976; Busbecq 2001; Egmond 2006, personal communication). 

Clusius commented on the close resemblance of all these fruits to the bahobab 
as described, rather superficially, by Alpino, and also noted that in West Africa the 
Portuguese called the fruit calabacera. Later, the worthy Dr. Charles Gerber (1895) 
of the University of Marseille criticised Clusius's description of the seed and for 
his illustration of it, showing numerous funicles. The drawing was, in fact, an accu- 
rate portrayal of the funicles and associated vascular system. Clusius tried to grow 
some of the seeds in Antwerpen (Antwerp) but they died in the following winter 
(Bauhin and Cherler 1650). 

The Swiss physician and botanist Jean Johannes Bauhin (1541—1613), in col- 
labortion with his son-in-law Johann Heinrich Cherler (1570—1610), wrote the 
Historia plantarum universalis, the three volumes of which were edited and pub- 
lished posthumously by Dominique Chabrey in 1560. Bauhin and Cherler com- 
mented at length on the descriptions of Thevet, Scaliger, Alpino and Clusius and 
the letters of Belli, referring to abavus aethipicus fructis Bello, but unfortunately 
also confused de guanabanus Scaliger with various ‘gourd trees’ in South America 
(Bauhin and Cherler 1650). The blocks for the illustrations of the fruit and leaves 
of their baobab, sive abavi Clusius in their Historia are traced from Clusius (1605), 
and they consequently appear reversed. 

The Swiss physician and botanist Dominique Chabrey (1610—1669) later used 
the illustrations from the Historia for an abridgement of Bauhin and Cherler 
(1650) as Stirpium icones et sciagraphia (Chabrey 1666) and Omnium stirpium 
sciagraphia et icones (Chabrey 1677). The illustrations include the baobab fruit 
(abavi sive baobab eructus) and leaves (arboris baobabifere ramus). The brief 
annotations contain no new information. 

Jean Bauhin also reported having received baobab fruits from Süleymân I the 
Magnificent as well as from Robinus (Jean Robin, see below) and, according to 
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Ray (1688), from Bernard Paludan (Bernardus Paludanus, 1550-1633) of 
Enkhuizen. Johann's younger brother, another physician and botanist, Caspar 
Bauhin (1560—1624) also received from Onorio Belli a baobab fruit obtained from 
Ethiopia (Saylac?), which he described in his Pinax theatri botanici (Bauhin 1623) 
under the fitting appellation abavo arbor radice tuberosa, which he likened to the 
Guanabanus of Scaliger. Both Jean and Caspar Bauhin tried growing the seed but 
without success. 

Robinus is believed to be Jean Robin the Younger, son of Jean Robin (1550—- 
1629), who had an apothecary garden on the fle Notre Dame, Paris, later holding 
the post of ‘arboriste du Roi’ and directing Henri IV's Jardin Royale at the Louvre, 
which was laid out in 1590. In 1603 Jean Robin the Younger went on a botanising 
expedition to Spain and the islands off the coast of Guinea (Blunt 1955; Barthélemy 
1979), from where he could well have obtained baobab fruits. 

The English philosopher, theologian and naturalist John Ray (1627—1705) pro- 
posed a system of classification based on form and gross morphology (Lawrence 
1951; Pavord 2005). In his Historia plantarum (Ray 1688) he cites the descriptions 
of Clusius, and Jean and Caspar Bauhin without comment. 

Ray was a founder member of the Royal Society and whether he received any 
fruit is not known. If he did receive some, then it is possible that he might have 
presented some of the pods described by Grew (1681) in the Royal Society's 
museum collection at Gresham Colledge in Bishopgate Street, London (now site of 
Tower 42, formerly the NatWest Tower). Gresham Colledge, founded by Sir 
Thomas Gresham in 1597, was the meeting place for the Royal Society (founded 
in 1660, Royal Charter 1662) until the Society moved to new premises in 1711, 
while Gresham Colledge moved to its present site at Barnard's Inn Hall, Holborn, 
in 1842. The task of cataloguing the Society's collection was given to one of the 
Society's secretaries (Metcalfe 1972), the physician and plant anatomist Nehemiah 
Grew (1641—1712). The shape of each pod was carefully described and they were 
entered in the catalogue as ‘The BAOBAB’, ‘The GREAT LONG BAOBAB' and 
"The GREAT BELLY'D BAOBAB’ (Grew 1681). Grew commented: ‘Besler hath 
a good Figure hereof, representing it cut open to shew the Seeds.’ 

Basil Besler (1561—1629) was the Nürnberg (Nuremburg) apothecary commis- 
sioned by Johann Konrad von Gemminger, Prince Bishop of Eichstátt, to produce 
the famous Hortus eystettensis (Besler 1613). The illustration that Grew saw of a 
baobab fruit is Plate 1 in Rariora Musei Besleriani (Besler 1716), edited after 
Besler's death by Michael Friedrich Lochner (1662—1720). This raises two interest- 
ing questions: from where and why did Besler obtain the fruit? 

Grew noted that the baobab grew in Zeila and Egypt, which is clearly a refer- 
ence to Belli's abavi in Clusius (1605). Unfortunately no mention was made of 
the donors, although John Ray is one possibility. The collection was acquired by 
The British Museum sometime between 1779 and 1781. However, the three fruits 
cannot be found, either there or at the Natural History Museum, where they logi- 
cally would have been transferred in 1881. 

A pastiche by the Dutch physician, geographer and writer Olfert Dapper 
(1635-1689) shows a row of four trees: sykomoruskalet (Ficus sycomorus), 
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tamarind-boom (Tamarindus indica), balzem-boom (Commiphora gileadensis) 
and a ‘baobab’ (Dapper 1676). The first three appear to have been correctly 
identified, although the drawings are too crude for certainty, but Dapper’s 
‘baobab’ is the oshar or Sodom’s apple (Calotropis procera). Dapper never vis- 
ited Africa but compiled his work from earlier publications (Beekman 1997). 
It is probable that the original artist realised baobab fruit did not grow on a citrus 
as depicted by Alpino but he appears to have mistaken the very superficially 
similar, large and inflated pods of Calotropis for those of a baobab. The use of 
the Egyptian vernacular name of baobab suggests that the picture may have been 
drawn in Cairo. Considering the standard of taxonomy at the time, it is easy to 
understand how an artist might have made such an error. However, it is unbe- 
lievable that he could have mistaken such a conspicuous tree as the baobab for 
a Calotropis if he had been working in sub-Saharan Africa. 

In 1981, accompanied by Professor Loutfy Boulos, I searched the Cairo herb 
and spice markets for the fruit but failed to find any knowledge of the fruit. 
Neither is the fruit recorded among the medicinal plants used in Egypt and North 
Africa (Boulos 1983). Yet the Zantiot physician, Agostino Lippi (1678-1705), 
saw the fruits in Cairo. He was attached as physician and naturalist to the diplo- 
matic mission of Le Noir du Boule, sent by Louis XIV from Egypt to the 
Emperor of Ethiopia. In his letters from Egypt, now in the Muséum Nationale 
d'Histoire Naturelle, Paris, he provided an excellent description of the baobab 
fruit that he saw in Cairo. Unfortunately, en route to Ethiopia he, together with 
other members of the mission, was murdered at Sennar in the Sudan, by order of 
the Funj king Bad? III (Hill 1967). Despite the absence of recent evidence for 
any baobab fruit, it is clear that from the 16th to at least the 18th century the 
Cairo merchants were familiar with the fruit. Whether the baobab tree that grew 
until quite recently on Roda Island in Cairo dates from that period is not 
known. 

Dubbed the ‘Prince of Botanists’, Dr. William Sherard (1659—1728) was a lawyer 
by training and fellow of St John's College, Oxford. A superb botanist, he was a 
friend and correspondent of nearly every major botanist of his day. He travelled 
widely in Europe and Asia Minor between 1686 and 1716, spending the remainder 
of his life in England, mainly at Eltham. Sherard's younger brother, the physician 
and apothecary James Sherard (1666-1737), had established in 1720 one of the 
finest botanic gardens in England at his residence in the High Street at Eltham in 
Kent. Regrettably the garden no longer exists. The garden was even said to be 
*superior in many respects to the King's Garden at Paris'. Here William Sherard 
assisted his brother in stocking the garden and stove houses with rare plants. In his 
will, Sherard established the Sherardian Chair of Botany at Oxford, nominating the 
German-born Johann Jakob Dillenius (1684—1747) as the first Sherardian Professor 
of Botany. Dillenius, against his will, was commissioned by James Sherard to write 
the Hortus Elthamensis (Dillenius 1732), an account of the rare plants cultivated at 
Eltham, and its sequel Horti elthamensis plantarum rariorum icons et nomina 
(Dillenius 1774), based on the Linnaean system of classification (Clokie 1964; 
Torosian 1975; Woodell 1986; Mills and Townsend 1991). 
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Although Philip Miller (1768) wrote that in 1724 Sherard planted some baobab 
seeds that he had obtained from Cairo, there is no mention of any being grown at 
Eltham (Dillenius 1732, 1774). Miller reported that some of these baobabs were suc- 
cessfully grown to a height of 5.5m before they died during the severe winter of 1740. 
While it is highly probable that Sherard also presented baobab seeds to the Chelsea 
Physic Garden and the Oxford Botanic Garden, there is no mention of the baobab 
being cultivated at either (Miller 1730; Rand 1730; Daubeny 1853). The Oxford 
Botanic Garden, to which Sherard donated plants, herbarium and books in 1726, was 
founded in 1632 and is the oldest botanic garden in Great Britain. It is presumed that 
the seeds failed to germinate in all three gardens. 

However, the 13th edition of the catalogue of plants cultivated at the Cambridge 
Botanic Garden (Donn 1845) reported that a baobab was planted in 1724 and had 
flowered; no flowering had been recorded in the 12th edition of 1831 or earlier 
editions. Sherard's contact at Cambridge was probably Richard Bradley (c.1686— 
1732), who was elected as the first Professor of Botany in 1724. It is alleged that 
he obtained the chair on Sherard’s verbal recommendation and his promise that he 
would personally finance the establishment of a botanic garden. It is surmised that 
Sherard presented the baobab seeds to Bradley for the new garden, which Bradley 
tried but failed to provide. Bradley had no academic qualifications and his need for 
a botanic garden to foster his interests in experimental botany and practical horti- 
culture were unlikely to have met with approval by the more classical-minded 
academics. 

Since the original Botanic Garden at Cambridge (which contained a stove house) 
was not founded until 1762, the baobab must initially have been cultivated else- 
where and would have grown into a substantial tree before its removal to the stove 
house, where Charles Miller (1739-1817), the son of Philip Miller, was the first 
curator. The present Botanic Garden was opened in 1846 and the glasshouse range 
between 1888 and 1892. Whether the baobab died before the glasshouse range was 
built or was too big to move is not known (Ronan 1970; Walters 1981; Upson 2003, 
personal communication). Loudon (1830) wrote confirming the introduction of the 
sour gourd (baobab) from Guinea into Britain in 1724, and advising that it should be 
planted in a stove house and grown in a peat and loam soil. 

The first botanist to see and describe the baobab tree in its native habitat was 
Michel Adanson (1727—1806), a student of the French botanist Bernard de Jussieu 
(1699-1777), who, travelling in Senegal in the employ of the Compagnie des Indes 
as a bookkeeping clerk, described his first sight of the ‘arbre aux calebasses’ 
(baobab) in Adanson (1757, 1759) as follows: 


They carried me to a particular spot where I saw a herd of antelopes; but I laid aside all 
thoughts of sport, as soon as I perceived a tree of a prodigious thickness, which drew my 
whole attention. This was a calabash-tree (Bahobab), which the Joloffes [Wolofs] call goui 
in their language. There was nothing extraordinary in its height; for it was only about fifty 
feet; buts its trunk was of a prodigious thickness. I extended my arms, as wide as possibly 
I could, thirteen times, before I embraced its circumference; and for greater exactness, 
I measured it round afterwards with a pack thread, and found it to be sixty-five feet; and 
consequently the diameter was nearly twenty-two. I do not believe the like was seen in any 
other part of the world; and I am persuaded that if our ancient voyagers had been acquainted 
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with this tree, they would have added some surprising circumstances to its description. 
It is very extraordinary that this tree should have been entirely forgot by those who have 
given us the history of Senegal; especially, as there is hardly any other so common in the 
country. Out of the trunk I have been describing, of twenty-two feet in diameter, and from 
eight to twelve feet high, there issued forth several branches, some of which extended 
themselves horizontally, so that the ends of them reached the ground; these being the 
largest, were from forty-five to fifty-five feet in length. Each of these branches would have 
made one of the largest trees in Europe; in short, the whole of this calabash-tree seemed to 
form a forest in itself. This was not all: the Negroe, my guide, led me to a second, which 
was sixty-three feet in circumference, that is one and twenty in diameter: and one of its 
roots, which had for the most part laid bare by a neighbouring river, was a hundred and ten 
feet in length, without reckoning the part that laid hid underneath the water, and which I 
did not uncover. The same Negroe showed me a third, not very far from thence; and moreover 
added, that without going out of the island, I might see a great many more, not at all inferior 
to those in magnitude. My surprise was then at an end; and, satisfied with seeing three, 
I got ready for the chase. 


The type locality for Adansonia is not known. According to Adanson (1757) and an 
obscure Dutch book on African exploration (Anonymous 1763a fide Verdoorn 
1933) Adanson first discovered the baobab on Gorée (Sor) Island, opposite St. Louis 
Island in the river of that name (River Senegal). It was 21 m in diameter; he later saw 
others at Cape Verde. Gorée Island had a chequered history, first colonised by the 
Dutch in 1817, then by the British, finally by the French, it was a notorious centre 
of the West African slave trade to the New World. 

It was through the unpublished letters of Lippi (1704) that Michel Adanson 
eventually made the connection with bahobab of Alpino (1592). He also followed 
Alpino in naming the fruit, and later the tree, Baobab. He modestly rejected the 
name Adansona used by his teacher, Bernard de Jussieu for his botanical demon- 
strations in the Jardin royal, a name which Linnaeus (1759) changed and used as 
Adansonia (Adanson 1757, 1763, 1776; Anonymous 1763b). 

The Worshipful Society of Apothecaries founded the Chelsea Physic Garden, 
London in 1673, of which Philip Miller (1691—1771) was appointed head gardener 
in 1722, the same year that William Sherard became a member of the Garden 
Committee. He held this post for half a century, during which time Chelsea became 
the finest botanic garden in Europe. In 1754 Miller obtained some baobab seeds 
from Adanson in Paris, which he successfully raised, the first to be grown in 
England since 1724. Miller published the Ist edition of his monumental work The 
gardeners dictionary in 1731 and in the 8th edition of 1768 he adopted for the first 
time the Linnaean binomial system for naming plants (Field 1820; Stearn1974), 
wherein he provided precise directions for the cultivation of the baobab in the UK 
(see Chapter 11). Regrettably the Chelsea Physic Garden does not currently employ 
an archivist and the fate of the baobab seedlings is unknown. 

Karl III Wilhelm, the Markgraf von Baden-Durlach, had a famous garden at 
Karlsruhe and, in 1733, sent his Danish garden architect Christian Thram and a 
Dr. Hebenstreit to Africa to collect plants. Thram brought back a baobab but it did 
not survive (Calmann 1977). Other European botanic gardens were more successful, 
including the stove house in the Jardin botanique at Montpellier (Broussonet 1805; 
Candolle 1813), Palermo where Tineo (1827) noted they required careful treatment, 
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and Padova where Saccardo (1842) regarded the baobab as a glasshouse plant to be 
treated like citrus. 

The zoologist and botanist Piere-Auguste-Marie Broussonet (1761—1807) 
was professor of botany at the Faculty of Medicine in Montpellier from 1803 to 
1806, where he enlarged the botanic garden and built a greenhouse. Among the 
plants cultivated in Montpellier was a baobab collected by the famous botanist 
and physician Alire Raffeneau Delile (1778-1850) while accompanying 
Napoleon’s Egyptian Expeditionary Force from 1798 to 1801. Although the 
baobab was cultivated in Cairo it was not mentioned in his Florae aegyptiacae 
illustratio (Delile 1813—1814). In 1819 he eventually achieved his ambition to 
become professor of botany at Montpellier, where, in 1822 he successfully ger- 
minated seed collected from the botanic garden (Motte 1970, 1972; Schafer 
2003, personal communication). 

Another famous botanist, Jean Baptiste Antoine Pierre Monnet de Lamarck 
(1744—1829), reported seeing two baobabs in the stove house of the Imperial 
Garden, Vienna (Chaumeton et al. 1814). 


1.4 The Baobab of Linnaeus and After 


By the end of the 17th century, the classification of plants was changing from an 
artificial one intended solely as an aid to identification to a more natural classifica- 
tion showing the relationships between species. It was Carl von Linnaeus (1707— 
1778) who devised the ‘sexual system’ with the emphasis on the floral parts. 
Unintentionally on the part of Linnaeus, his binomial system for the naming flora 
and fauna was to become universally accepted and the foundation stone of modern 
taxonomy. As botanical exploration increased, so botanists increasingly applied 
their own individual concepts as to what constituted a plant entity or taxon and its 
classification. This resulted in a proliferation of both genetic and specific names, a 
situation that was initially resolved by the Paris Code of 1867, which led to the 
eventual founding at Cambridge of the International Code of Botanical Nomenclature 
in 1930 for the regulation of the naming of plants and their classification. The Code 
is regularly updated and at the time of writing is that of Greuter et al. (2000). 

In his Species plantarum Linnaeus (1753a) named the baobab tree Adansonia 
digitata in honour of Michel Adanson (See Chapter 12 for further discussion on the 
validation of A. digitata). In 1763 Linnaeus changed the name to Adansonia 
bahobab, but the Code does not allow such changes. This and other names used by 
Loureiro (1759), Gaertner (1791), Steudel (1826), Kuntze (1891), Chevalier (1900, 
1906) and Chiovenda (1932) have now been reduced to synonymy; these name 
changes are discussed in Chapter 12. Only three of these authors described new 
species based on their own collections from Africa. 

Returning home from Southeast Asia the great Portuguese missionary and 
scientist Joao de Loureiro (1717—1791) spent some time in East Africa in 1781 and 
1782 and collected plants from Mozambique, Zanzibar and from an unspecified 
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location (Gillett 1962). His collections included the mulambeira, which he 
described as Ophelus sitularius, despite recognising its affinities with Adansonia. 
Loureiro (1759) included this, together with a number of other East African spe- 
cies, in his Flora cochinchinensis. The habitat is described as agrestis ad litora and, 
although the location was not given, the vernacular name suggests Kenya or 
Tanzania coastal region as the probable collecting area. 

In 1821, George Don (1798-1856), botanist and plant collector, was sent by the 
Horticultural Society of London to West Africa to collect plants. Returning in 1823 
via the Americas, Don introduced baobab plants to the bark stove at the Society's 
garden in Chiswick. A bark stove is a glasshouse containing a bed of fermenting 
bark producing a moist heat. The Society, founded 1804, was granted a royal charter 
in 1861 to become the Royal Horticultural Society of London (Sabine 1824; Elliott 
2004a, b). 

A notable early collector and observer of baobabs in West Africa between 1819 
and 1828 was René Caillié (1799-1838), before making his epic crossing of the 
Sahara from Tombouctou to Tanger in 1828 (Jacques-Félix 1963), Collecting in 
what was then known as French West Africa, the famous French botanist and 
explorer Auguste Jean-Baptist Chevalier (1873—1956) described three new baobab 
taxa, Adansonia sphaerocarpa (Chevalier 1900), A. digitata var. congolensis and 
A. sulcata (Chevalier 1906). 

The Italian botanist Emilio Chiovenda (1871—1940) botanised in Eritrea in 1909, 
Ethiopia in 1910 and Somalia in 1929 (Cufodontis 1962; Gillett 1962); the last pro- 
vided the provisional and therefore invalidly published name of A. somaliensis in his 
Flora Somala (Chiovenda 1932). 


2 The Exploration of Madagascar 


Most archaeologists believe that the first human occupation of Madagascar was by 
immigrants from Indonesia via the coast of East Africa in AD 300—500, later to be 
followed by immigrants from Africa and settlements by Arab traders by AD 900. 
However, the Periplus of the Erythraean Sea (Casson 1989) suggests that Graeco- 
Roman mariners, or their contacts, had some knowledge of Madagascar. According to 
Malagasy traditions, the hunter-gatherer Vazimba (= Mikea) were present prior to the 
arrival of the Indonesian immigrants, although so far no archaeological evidence of 
human habitation earlier than the 5th century AD has been found (Blench 2006b). 

During the Middle Ages, the Moslem empire effectively denied Europeans 
access to the Indian Ocean. Although Vasco da Gama, on his voyage round Africa 
to the Malabar Coast of India in 1497-1499, must have been aware of the large 
island opposite Mozambique, known to the Arabs as the Island of the Moon, he 
failed to investigate. In 1499 a second Portuguese fleet set sail for India and was 
scattered by a storm. One of the ships, commanded by Diogo Dias, accidentally 
‘discovered’ Madagascar on St Lawrence’s Day, 10 August 1500, and named the 
island Ilha San Lourencco. 
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Fig. 2 ‘Dancing natives of Pointe [Cape] Andefitra, SW Madagascar’ (from Lodewijcksz 1597). 
Adansonia rubrostipa is the tree marked ‘A’. (Reproduced with the kind permission of Harvard 
University.) 


During the following two centuries the British and French made unsuccessful 
attempts to establish settlements, which failed due to disease and hostile local 
inhabitants. 

In order to take over the Arab monopoly on the spice trade in the Indian Ocean the 
Portuguese, under Tristan da Cunha in 1506 and Alfonso d' Albuquerque in 1507, 
attacked and destroyed the Arab trading settlements in the north-west of Madagascar. 
The natural harbour formed by the Baie de Saint-Augustin to the south of Toliaro 
then became a favoured place for reprovisioning. The Dutch and other nations were 
later to challenge the Portuguese control of the trade with the East Indies. 

In 1595 a small Dutch expedition of four merchant ships, led by Cornelis de 
Houtman (1540—1599) and his brother Frederik (1571—1627), set out for the East 
Indies. An outbreak of scurvy forced the ships to stay in the Baie de Saint-Augustin 
before continuing their voyage, eventually returning to Amsterdam the following year 
with a sadly depleted crew (Brown 1978; Vanderheide 1997; Anonymous 2000). 

Houtman's journals were published in Willem Lodewijcksz (1598a, b, 1997) 
and Rouffaer and Ijzerman (1915). Lodewijcksz was one of the merchants of the 
Compagne van Verre responsible for funding Houtman's expedition. The voyage 
is credited with the first record of a baobab in Madagascar, shown in Plate 3 of 
Houtman's journal (Rouffaer and Ijzerman 1915). The caption reads ‘Dancing 
natives of Pointe [Cape] Andefitra, S.W. Madagascar’ (Fig. 2). Hautman’s some- 
what stylised Plate 3 shows a curious, swollen, bottle-shaped tree marked ‘A’, a 
literal translation of the legend of which reads: ‘These trees, grow, many, in such 
a fashion, with some small branches, and make canoes, quite sizeable, from a sin- 
gle piece.’ The tree was originally identified by Rouffaer and Ijzerman (1915) as 
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Fig. 3 Various plants of the Baie de Saint-Augustin (from de Bry 1601, Plate 21): (A) baobab 


(Adansonia rubrostipa); (B) leafless plants; (C) camaringe; (D) songo (Didierea); (E) sugar cane; 
(F) gingeinbre (from Keraudren 1963). 


A. grandidieri; it was later redetermined by Baum (1995b) as A. rubrostipa because 
it grew in the bay area, where there are no A. grandidieri. A. rubrostipa is believed 
to grow at Pointe Andefitra but this requires confirmation. 

In Indiae Orientalis (de Bry 1598, 1599), this plate was redrawn as Plate 62, a 
mirror image without the dog and three plants in the foreground and with a much 
smaller baobab in the background. Another mirror image (Fig. 3), omitting the 
people and dog but stressing the plants and landscape, and with additional plants 
added from Plate 5 of Houtman’s journal, was produced as Plate 21 in de Bry 
(1600, 1601), and copied in Keraundren (1963). The locality was also changed by 
de Bry to Baie de Saint-Augustin. 

The /ndiae Orientalis by the de Bry brothers, Johann Theodor (1562—1620) and 
Johann Israel (died c.1611), was published in parts, in Latin and German editions. It 
formed part of an illustrated collection of accounts of voyages and travels in the East 
and West Indies known as the Collectiones peregrinationum, in Indiam orientalem 
et Indiam occidentalem, begun by their father, Flemish-born engraver Theodor de 
Bry (1528-1598). Johann Theodor's son-in-law, Matthäus Merian the Elder (1593— 
1650), finally completed the work in 1634 (Anonymous 2002a). None of the illustra- 
tions therein is original; they are either copies or adaptations by de Bry from earlier 
publications (Wildeman 2004, personal communication). 

Members of a French expedition, organised by the Société Française de |’ Orient, 
first settled in La Grande Íle in 1642 at Baie de Sainte-Luce, but abandoned the fol- 
lowing year in favour of the healthier Fort Dauphin, now Tolafiaro. Here the apothecary 
Chevalier Étienne de Flacourt (1607-1660) served as commandant-général of the 
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colony from 1648 to 1655. He collected a number of plants and, in his Histoire de 
la Grande Йе (Flacourt 1658), mentioned an enormous hollow tree known as anad- 
zahé (the place of the big za, i.e. Adansonia za). In 1660 Flacourt sailed again for 
Madagascar but was killed when Barbary corsairs attacked his ship. The settlement 
was abandoned in 1674 (Humbert 1962; Brown 1978). The genus Flacourtia com- 
memorates his name. 

France did not really establish itself as the dominant influence until the end of the 
19th century, when Madagascar became a French protectorate in 1895 and was made 
a French colony in 1896 after the former queen was exiled. Republican status was 
adopted in 1958 and independence proclaimed in 1960 (Brown 1978). The brief and 
chequered history of the island’s occupation helps to partly explain the rather poor 
economic and cultural appreciation of the Malagasy baobabs by the French. 

Baum (1995b) cites 53 collectors of the indigenous species of Adansonia in 
Madagascar, the more important of whom are mentioned below. 

The naval doctor and surgeon Alphonse Charles Joseph Bernier (1802—1858) was 

appointed Director of the Botanic Garden at Réunion. In 1831, en route to Réunion, 
he visited the extreme north of Madagascar and collected a number of plants, which 
are now in the Muséum Nationale d’Histoire Naturelle, Paris (Humbert 1962; Dor 
1997). Bernier’s collection included A. madagascariensis, the first baobab from 
Madagascar to be officially named (Baillon 1876). He is commemorated by the 
superfluous name of A. bernieri. 
Originally from Réunion, Grevé (d.1895) was the representative of the Messageries 
Maritimes in Morondava, where he married the daughter of a Sakalava chief. He 
was responsible for the first plant collection from that area, which was an important 
one since the flora differed greatly from collections made in other parts of 
Madagascar. Grevé was executed in 1895 on the orders of the Hova (Merina) mili- 
tary government when invading French troops disembarked at Mahajanga (Majunga) 
to ‘protect the rights’ of French citizens (Humbert 1962; Dorr 1997). 

The much-travelled geographer, explorer, naturalist and entomologist Alfred 
Grandidier (1836—1921), the Grand Old Man of Madagascar, dedicated his life’s 
work to the study of the physical, natural and political history of Madagascar. From 
1865 he made a number of often difficult and dangerous botanical expeditions from 
France to Madagascar. Following service in the Franco-Prussian War (1870-1871) 
he devoted his activities, with the help of his equally gifted son Guillaume, to his 
Histoire physique, naturelle et politique de Madagascar. Many of the Malagasy 
plants were published in the accompanying Histoire naturelle des Plantes. The 
French botanist Henri Ernest Baillon (1827—1895) was responsible for the scien- 
tific names on the plates published before his death. He commemorated Alfred 
Grandidieri’s name in A. grandidieri (Baillon 1876, 1893). 

His successor in the study of plants collected by G. Grandidier from south-west 
Madagascar for the Histoire naturelle des Plantes was a botanist of British-Cuban- 
French ancestry, Emmanuel Drake del Castillo (1855—1904), although he never 
visited Madagascar (Humbert 1962; Dorr 1997). 

A missionary with the London Missionary Society, the Reverend Richard Baron 
(1847-1907) arrived in Madagascar in 1872 and, in addition to his pastoral duties, 
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spent the next 35 years studying the flora, geology and ethnology. He described his 
collection of some 5,000 herbarium species, mainly from the southern, western and 
central parts of Madagascar, in his principal work The Flora of Madagascar (Baron 
1889). Unfortunately, his herbarium labels generally provide incomplete data on 
his collection localities (Dorr 1997). 

The French botanist, Henri Lucien Jumelle (1866-1935), was Professor of 
Botany and Director of the Botanical Garden and Colonial Museum at Marseille. 
Mainly interested in economic plants, he first became acquainted with Perrier de la 
Bathie (see below) in c.1903, and thus began a long and fruitful collaboration on 
the flora of Madagascar. There is no evidence that he ever visited Madagascar. 

Joseph Marie Henry Alfred Perrier de la Bathie (1873-1958) is undoubtedly the 
most famous French botanist and collector to be associated with the flora of 
Madagascar and Adansonia in particular. His botanical explorations through often 
remote and difficult terrain between 1896 and 1933 yielded 20,149 specimens and 
a wealth of botanical information. In 1832 he presented his collections to the 
Muséum Nationale d'Histoire Naturelle, Paris, where he then worked (Humbert 
1962; Dorr 1997). He has the distinction of being the only French botanist to have 
seen and made collections from all seven baobab species (including A. digitata) 
growing in Madagascar. It was Perrier de la Báthie, in Jumelle and Perrier de la 
Báthie (1910), who first recognised that the baobabs in the vicinity of Diégo-Suarez 
(now known as Antsiranana), in the northern tip of Madagascar, were a distinct 
species. He later described them (Perrier de la Báthie 1952a) as A. suarezensis, 
taking the locality as the specific epithet, with A/Iuaud s.n. (а) and Coridou F6769, 
both Herb Paris, as the type specimens (Baum 1995b). 

Charles Alluaud (1861—1949) was an entomologist who, sometimes accompa- 
nied by his wife, made numerous collecting trips to Africa and Madagascar. While 
carrying out his entomological work he never neglected to collect plants from the 
various poorly known countries through which he travelled. He visited the northern 
tip of Madagascar in 1893, and in 1900 travelled to the extreme south. His name is 
commemorated by the bizarre-looking endemic arborescent genus Alluaudia that 
grows in the arid south-east of the island (Hubert 1962; Dorr 1997). 

Unfortunately, there is no information regarding Coridou (fl. 1893—1896), who 
collected the syntype of A suarezensis from Diégo-Suarez in 1893 and an additional 
specimen in 1896. 

The eminent taxonomist, phytogeographer and conservationist, Professor Jean- 
Henri Humbert (1887—1967), made ten visits to Madagascar between 1912 and 
1960. He travelled widely, paying particular attention to the lesser-known areas, 
especially the forest and mountain regions of the south-east and north-east. His 
collections include five of the six indigenous species of Adansonia. In 1927 he was 
instrumental in helping to create the first twelve ‘Réserves naturelles intégrales’ in 
Madagascar. As Director of the Laboratoire de Phanéroganie in Paris, he was, in 
1936, responsible for initiating and editing the Flore de Madagascar et des 
Comores (Dorr 1997). 

An administrator with the French colonial service in Madagascar between 1916 and 
1937, Raymond Decary (1891—1973) travelled widely in Madagascar and collected 
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some 19,700 vascular plants. An army veterinary surgeon, Dr. (Louis) Henri 
Poisson (1877—1963) also arrived in Antsaranana (Diego-Suarez) in 1916, where 
he met Decary; they collaborated on many occasions. From 1920—1924 Poisson 
was stationed in the then little known Toliara (Tuléar) region, where he made 
important collections (Humbert 1962; Dorr 1997). 

Adansonia perrieri, the most recent of the Malagasy baobabs to be recognised, had 
for some time been suspected of being new but it was not until 1958 that René Paul 
Raymond Capuron (1921—1971) was able to collect a flowering specimen (Ankarana 
plateau, Capuron 19000, P) and confirm its new status (Capuron 1960). A forester 
and systematic botanist, René Capuron served in Madagascar from 1948 to 1961 as a 
principal inspector in the Département d’Eaux et Foréts, and collected some 4,000 
herbarium specimens. He also contributed several plant family accounts for the Flore 
de Madagascar et des Comores (Plantes vasculaires) edited by Humbert, with whom 
he sometimes travelled. They made both joint and individual collections of A. perrieri. 
In 1957 Capuron produced mimeographed copies of his Essai d’Introduction à I’ Etude 
de la Flore Forestiére de Madagascar; Capuron’s premature death prevented the 
completion of his study of the families and genera of Malagasy trees, a task that 
inspired the Missouri Botanical Garden research botanist George Edward Schatz 
(b.1953) to write his Generic Tree Flora of Madagascar (Schatz 2001). 

Husband and wife at the Laboratoire de Phanérogamie, Paris, Gérard-Guy Aymonin 
(1934—) and Monique-Rose Keraudren-Aymonin (1928—1981) respectively collected 
four and five of the indigenous species of Adansonia in Madagascar. 

The London-born David Alastair Baum (1964—) first visited Madagascar in 
1984 as a member of an Oxford University student expedition. Later, as a Ph.D. 
student at Washington University, St Louis, he returned to Madagascar in 1987, 
1988-1989 and 1991 to study Adansonia for his thesis. He has the distinction of 
being the only botanist to have seen and studied all eight species of Adansonia in 
the field, producing a number of important publications (Baum 1991, 1995a, b, 
1996, 2003, 2004; Baum and Oginuma 1994; Baum et al. 1998b) as well as con- 
tributing to other works on the Malvaceae. He is now a staff member of the 
Department of Botany, University of Wisconsin, Madison, Wisconsin. 

Blaise Du Puy (1988—) made several trips to Madagascar between 1988 and 1993 
accompanied by her husband, the former Kew botanist and conservationist David du 
Puy (1958-), including one with David Baum in 1989 (Dorr 1997). Her important con- 
tributions to the germination and conservation of ће baobab are Du Puy (1996a, b). 


3 The Exploration of Australia 


Australian Aborigines are believed to have descended from people that entered northern 
Australia during the Late Pleistocene and later spread throughout the continent. The 
earliest accepted evidence for human occupation is from Lake Mungo, New South 
Wales, and dated 24,700 + 1,270 BP; the origin of the Aboriginal peoples is unknown 
(Brown 1997). The continent is believed to have remained unknown to the civilised 
world until Chinese scholars claimed that junks reached the north-west coast of 
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Australia in the 5th century BC. Examples of China’s awareness include the Ch’un- 
ch’iu (Spring and autumn annals) by Confucius (481 BC) of solar eclipses in Australia, 
and the Shi zi (History writings) written in 338 BC, reported kangaroos as well as 
giraffes and zebras in the Chinese emperor’s zoo. In AD 1421—1423, the treasure ships 
of Emperor Zhu Di explored and mapped the world, including the Americas and 
Australia; Admiral Hong Bao mapped the south and west coasts of Australia and in the 
following year Admiral Zhou Man mapped the east, north and west coasts (Menzies 
2003). Long before the arrival of Europeans, fleets of Malayan proas fished the northern 
Australia waters for trepang or béche de mer (Holothuria spp.). 

In 1503, 5 years after Vasco da Gama made his epic voyage to India, the French 
navigator Jean Binot Paulmier de Gonneville sailed from Honfleur in the L’Espoir and, 
after rounding the Cape of Good Hope, was caught in the ‘Roaring Forties’ and driven 
eastwards for several months before reaching what is believed to be north-west 
Australia. The first authenticated European landing took place a century later, in March 
1606, by Willem Jansz in the Duyfken who, while trying to reach New Guinea, landed 
instead near what is now known as Duifken Point. Perhaps surprisingly, Louis Vaez de 
Torres sailed through what is now known as the Torres Strait but failed to find Australia. 
From 1616 onwards a number of Dutch mariners explored the coast of the mysterious 
new continent. In the employ of the Dutch East India Company, Abel Janszoon Tasman 
even went so far as to take formal possession of ‘Anthony van Diemen’s Land’ in 1642 
for Holland. In 1770 Captain James Cook claimed the eastern coast for Britain, while 
Tasmania, Western Australia, South Australia, Victoria and Queensland were estab- 
lished as British colonies between 1825 and 1859. It was the assessment of the natural 
resources of Britain’s new possessions through charting the coastal waters and 
exploring the hinterlands that Australia’s baobab, Adansonia gregorii, was discovered. 

The British-born Allan Cunningham (1791—1839) served as a gardener and had 
received some training in botany at the Royal Gardens (Royal Botanic Gardens in c. 1840), 
Kew, prior to being appointed a botanical collector. In 1816 he was sent by Sir Joseph 
Banks (1743-1820), friend of King George III and ‘unofficial director’ of Kew, to 
Australia to collect plants. In the following year, learning of a proposed French expedition 
to explore the north and north-west coasts of Australia, Banks ordered Cunningham to 
join an expedition led by Lieutenant (later Rear Admiral) Phillip Parker King (1791— 
1856). King had been charged by the Admiralty and Colonial Office to survey the north 
and north-west coasts of Australia and report on the natural resources of the area. Banks 
wrote: *this will give you [Cunningham] an opportunity of collecting plants, which could 
by no other means be obtained; and of enriching the Royal Gardens at Kew with plants 
which otherwise would have been added to the Royal Gardens at Paris, and have tended 
to render their collections superior to ours.’ Cunningham made good use of the frequent 
opportunities to land and collect specimens. 

King made four voyages between 1817 and 1822, the first three in the cutter 
HMC Mermaid, and it was on the third voyage, close to the beach in Careening 
Cove on South Grailbourne Island, Western Australia, that Cunningham discovered 
what he called the *gouty-stem tree'. Members of the expedition recorded their visit 
by clearly inscribing HMC MERMAID on the tree in letters 30cm high (Plate 1). 
The inscription spans two of the trunks. The words are approximately 25? from the 
horizontal, suggesting that the trunks have diverged since the inscription was written. 
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Both Cunningham and King recognised the tree as similar to one they had seen 
earlier in Cambridge Gulf, and expressed the opinion that ‘it bore some resem- 
blance to the adansonia figured in the account of Captain J.K. Tuckey’s expedition 
to the Congo’ (Joy 1964; Perry 1966; Desmond 1995). There is no description of 
the baobab in Tuckey (1818); the illustration of the River Zaire (Congo) shows fig- 
ures, not more than 1.5 ст high, of leafless baobabs, silhouetted against the skyline 
and growing on what appears to be the upper river terrace. 

The Kew gardener David Lockhart (d.1846) had been appointed to Tuckey’s expedi- 
tion as assistant to the Norwegian botanist Christen Smith (1785—1816). Unhappily 
Smith, together with nearly half of the ship’s complement, died of fever but Lockhart 
survived and delivered Smith’s dried specimens to Banks. The baobab was not among 
the specimens collected (Tuckey 1818; King 1827; Desmond 1995). As both Tuckey’s 
and King’s expeditions had been commissioned by the Admiralty and in view of 
Banks’s involvement, it is not surprising that Cunningham and King had access to 
Tuckey’s posthumous book. King recorded his travels and natural history in King (1827) 
in which Cunningham (1827) contributed an appendix on the plants. Cunningham wrote: 


Within an area on this extensive coast, not exceeding four degrees of longitude, on the paral- 
lel of 15° South, a tree of very remarkable growth and habit, has been traced, having all the 
external form and bulk of Adansonia of the western shores of Africa. At the respective period 
of visiting those parts of the North-west Coast, this gouty tree had previously cast its foliage 
of the preceding year, which is of quinary insertion, but it bore ripe fruit, which is a large 
elliptical pedicellated unilocular capsule, (a bacca corticosa) containing many seeds envel- 
oped in a pithy substance. Its flowers, however, have never been discovered, but from the 
characters of the fruit, it was (upon discovery) referred to this natural family [Capparides]. 


Lacking a botanical description of Adansonia and assuming Cunningham believed it only 
grew in West Africa, plus the fact that he had seen a shrubby Capparis with digitate leaves 
in Mauritius, his misidentification of a sterile baobab was not unreasonable. 

Although Cunningham mistakenly believed the tree to be a new species of 
Capparis he did not provide a specific epithet in his report but he did name the tree 
Capparis gibbosa (‘gibbosa’ refers to the distorted swelling of the trunk) on the 
herbarium sheet (leaves only), and in his diary. Heward (1842a, b) published post- 
humous extracts of his diary, wherein Cunningham again noted that the gouty-stem 
tree bore a superficial resemblance to the African baobab. Cunningham returned to 
London in 1835 and spent the following 5 years working on his collections. 

Why Cunningham’s collection of dried plants is now in the Herbarium of the 
Natural History Museum in Kensington instead of at Kew requires some explana- 
tion. While the collections of live plants were the absolute property of Kew 
Gardens, all dried plant material automatically went into Banks’s herbarium and a 
mounted set of duplicates was deposited at Kew. While Banks was alive Kew could 
rely on access to his herbarium and library in Sloane Square, Bloomsbury, where 
the botanist Robert Brown (1773-1858) served as librarian to Banks and the 
Linnean Society, as well as being Keeper of Botany at the British Museum. 
At Banks’s instigation Brown had been the naturalist who had accompanied the 
British navigator and cartographer Matthew Flinders (1774—1814) on his circum- 
navigation of Australia in HMS Investigator in 1801—1803 and consequently had an 
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interest in the flora of Australia. Nevertheless, his following actions were inexcusable. 
Following the death of Banks in 1820, Brown took charge of his library and collections 
and in 1840, following the announcement of Sir William Hooker’s appointment as 
Director of the Royal Botanic Garden, sent Cunningham’s herbarium collection, 
together with those of other collectors, to the British Museum. This was presuma- 
bly with the consent of William Townsend Aiton (1766—1849), who was then in 
charge of the Royal Gardens. Thus, when Sir William Hooker arrived at Kew in 
1841 there was neither library nor herbarium and Brown strongly resisted all 
attempts for them to be returned to Kew. The collections were later transferred to 
the herbarium at the Natural History Museum when it was opened in 1880 and there 
they remain. However, Cunningham’s correspondence and journal are now at Kew 
under ‘Kew collectors, vol. 1’ (Desmond 1995). 

A young army officer, George (later Sir George) Grey (1812—1898), weary of 
army life in the UK asked for permission to explore north-west Australia. He led two 
expeditions to north-west and western Australia (Grey 1841; Spearman 2000), of 
which the earlier expedition is relevant. In 1837 he sailed in the chartered schooner 
Lynher from Cape Town to Hanover Bay, near Collier Bay, in Western Australia and 
between January and April 1838 made several trips inland before retiring to Mauritius 
to recuperate from a spear wound received during an attack by hostile Aborigines. 
He saw and sketched the gouty-stemmed tree, probably identified for him by Thomas 
Ruston, a sailor who had previously served with Captain King in HMS Mermaid. 
He found the pulp palatable, the white gum from the bark nutritious and resembling 
macaroni in appearance and taste; he considered it a useful economic plant. In later 
years Grey became successively Lieutenant Governor of South Australia, Governor 
of New Zealand, Governor of the Cape of Good Hope and later a politician, first in 
the UK and then in New Zealand, where he finally settled (Ward 1966). 

In 1838, Lieutenant J. Lort Stokes, hydrographer on HMS Beagle under the com- 
mand of John Clements Wickham, surveyed the Kimberley coast and observed boabs 
at Point Torment in King Sound. He wrote: ‘Here also I remarked the gouty stem tree 
figured by Captain Grey, and described by Captain King, as of the Nat. Ord. 
Capparides, and thought to be a Capparis; it also bears a resemblance to the Adansonia 
described in Captain Tuckey's Congo.’ Stokes took command of the ship in 1841 
when Commander Wickham was invalided home (Stokes 1846; Laughton 2004). 

In 1855-1856 the North Australian Exploring Expedition to the Victoria River 
basin in Northern Territory, under the leadership of Augustus (later Sir Augustus) 
Charles Gregory (1819-1905), made a 8,000 km journey overland from the Victoria 
River in Northern Territory to Moreton Bay in Queensland (Waterson 1969). 
Taking part were Dr. F.J.H. Mueller and Thomas Baines. 

Dr. Ferdinand Jakob Heinrich Mueller (1825—1896), later to become Baron Sir 
Ferdinand von Mueller, was born in Schleswig-Holstein, trained as a pharmacist and 
then immigrated to Australia in 1847. A keen amateur botanist, he went to Melbourne 
in 1852 and, on the recommendation of Sir William Hooker, he was appointed govern- 
ment botanist. Mueller was also the North Australian Exploring Expedition's botanist 
and during the 8,000 km journey overland, from the Victoria River (first discovered by 
Wickham in HMS Beagle in 1838) to Moreton Bay, observed nearly 2,000 plants, of 
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which about 800 were new records (Morris 1979). He made collections of the 
gouty-stem tree and was the first to identify its taxonomic affinity with the African 
baobab. He then formally described the gouty-stem tree as Adansonia gregorii in hon- 
our of the expedition’s leader (Mueller 1857a). At least some of the collections were 
entrusted to Baines and, in a letter to Sir William Hooker, he blames Baines for the loss 
of part of his collection due to exposure to water (Mueller 1857b). 

Thomas Baines (1820—1875) was the storekeeper/artist to the expedition and used the 
fruit of the gouty-stem tree to cure the crew of the expedition’s ship Тот Tough of scurvy 
(Braddon 1986). The significance of this use of the fruit is that Baines was already familiar 
with the fruit of A. digitata from his days in South Africa, where he was presented with 
some baobab fruit while accompanying the 1850 Vaal River Expedition led by the 
explorer, hunter and trader Joseph McCabe (1816—1870). He wrote in his diary that ‘the 
nut of the “Cream of Tartar tree", a species of baobab, hung in a bag inside [the wagon]. 
The shell of this was about four inches in length and of an oval form; inside were a number 
of hard, brown seeds, reposing in compartments filled with a powder slightly acid to the 
taste and exactly resembling that from which it derives its name.’ (Baines 1964). Since the 
Boers prevented the expedition from travelling beyond the Vaal River Baines never went 
far enough north to actually see a baobab tree. By referring to 'a species of baobab' he 
would appear to have known more than he wrote in his diary. It is reasonable to assume 
that being an artist he could well have recognised the similarity between the fruits of the 
African and Australian species. However, Mueller had the reputation of being rather aloof 
and it is therefore doubtful whether Baines and Mueller ever discussed the two baobabs, 
although Mueller did acknowledge a sketch made by Baines of A. gregorii. Mueller also 
ignored Baines's use of the fruit to treat scurvy and even went so far as to praise Portulaca 
oleracea (high in oxalic acid) as being the only antiscorbutic herb available to the expedi- 
tion (Mueller 1857b, 1858). 

Although A. gregorii (syn. A. gibbosa) is the only species of baobab in Australia, 
some botanists appeared to believe that what we now consider minor variations within 
A. gregorii represented a new species. In his travelogue, the naturalist William Saville- 
Kent (1845—1908), without any explanation, referred to the baobab as A. rupestris and 
gave a general description of the tree (in English), and thereby validly published the 
epithet (Saville-Kent 1897). He did not provide any herbarium specimens or apparently 
consult other herbarium specimens, certainly inappropriate behaviour for a former 
assistant in the then Natural History Department of the British Museum. 

It was during a brief 12h visit to Broome from the steamer Paroo on 4 February 
1905, that the Swiss botanist Bénédict Pierre Georges Hochreutiner (1873—1959) 
collected and described A. stanburyana (Hochreutiner 1908), basing his decision on 
somewhat trivial characters. The specific epithet honours the Broome Clerk of 
Courts and amateur botanist Thomas Herbert Stanbury (1864—1930), who took 
Hochreutiner to see this particular flowering boab tree outside the old police station 
in Broome, Western Australia. The site of the old police station is now occupied by 
the Customs House and the tree outside the Customs House bears a plaque indicating 
that it was planted in 1897 (Kenneally et al. 1996). Baum (1995b) decided that the 
‘distinguishing features’ of Hochreutiner’s description were juvenile traits of a pre- 
cociously flowering 9-11-year-old Боаб (its age at planting is not known), and 
accordingly reduced A. stanburyana to a synonom of A. gregorii. 


Chapter 2 
Famous Trees 


Nobody travelling through the regions where baobabs grow could fail to see and 
recognise such large and often grotesque trees dominating the landscape. They act 
as signposts along the road and markers of former battles, historical meetings, etc. 
Others are adorned with the names, initials and graffiti of early explorers and traders, 
and are therefore of obvious interest to historians. Other trees are of religious or 
mystical significance and are the subject of legend and folklore and of many a 
traveller’s tale; these are dealt with in Chapter 3. Their stories have been handed 
down verbally and have varied somewhat in their telling. 


1 Famous African Baobabs 


In January 1832 Charles Darwin landed from the HMS Beagle on São Tiago 
(St. Jago) in the Cape Verde Islands and stumbled on ‘the celebrated Baobab trees’, 
a massive 3.5 m in diameter (36 feet in girth), and as graffiti covered 'as any one in 
Kensington Gardens' (Desmond and Moore 1991). The ship's surgeon Robert 
McCormick, who accompanied Darwin, climbed the tree and carved both his initials 
and the year high up the trunk. On the outward voyage, as surgeon to Sir James 
Ross's voyage to the Antarctic, McCormick revisited the site in 1839 and added the 
date below the one he had cut in 1832 (McCormick 1884). 

On the flot aux Sarpan, also known as Île aux Serpents, the larger of the two 
small islands opposite Dakar known as the fles de la Madeleine, the French bota- 
nist Michel Adanson (1727—1806) described a baobab, 3.8 m in diameter, famed 
for the carvings made by passing mariners on its trunk, including the arms of 
Henry the Navigator in 1444 and André Thevet in 1555. Adanson repaired some 
of the 14th- and 15th-century engravings in 1749 for what he hoped was posterity. 
In 1938 and 1943, that most famous of Saharan and Sahelian scientists, Professor 
Théodore Monod (1902-2002), searched the fles de la Madeleine in vain for 
baobabs bearing these ancient inscriptions (Mauny 1961; Adam 1962). 

At Dakfao, Niger, there is a baobab sacred to the Imannen Tuareg. High up the 
trunk are magic signs, symbols and inscriptions in the Tifinagh script (the old 
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wee il id лб qe pee 


Fig. 4 Tuareg inscriptions on a baobab at Dakfao, Niger. (Photograph by H.T. Norris.) 


ware 


Berber alphabet), also drawings of camels (Camelus dromedarius), Barbary sheep 
(Ammotragus lervia) and other animals (Fig. 4). 

The Imannen Tuareg are believed to have arrived in the area from Ghat in 
Libya c. AD 1600 or possibly earlier. The inscriptions and carvings are hard to 
date, although the tree is believed to be more than 800 years old. It has been 
suggested that the tree was first engraved to mark a boundary limit for the Tuareg 
during their earliest wanderings southwards into the territory of the Songhai 
peoples, who occupied the Niger in that region. The ‘Dakfao baobab’ became a 
sacred tree either when the Imannen first arrived in the area or at a much later 
date, after they had intermarried with the local population and settled in Dakfao 
(Norris 1982). 

Another baobab near Diourbel, Senegal at Lambaye, the ancient capital of the 
former Wolof state of Baol bears strange inscriptions and animal drawings 
(Anonymous 2005c). 

Sir (later Lord) Frederick Dealtry Lugard (1858-1945) was a famous British 
administrator in both Uganda and Nigeria. A hollow baobab on the banks of the River 
Niger at Lokoja is known as 'Lugard's tree’. It is reputed to have held prisoners 
during his administration (Owen 1974). 

In the Sudan baobabs used for water storage often bear Arabic names, some 
30,000 of which have been registered (see Chapter 5). Also in the Sudan, a baobab 
known as ‘Bugler’s Tree’ commemorates the site of the massacre of William 
Hicks Pasha's field force during the Mahdist uprising (see Baobabs in wartime). 
The tree has now fallen. 

In 1880 the Italian explorer, Pierre Savorgman de Brazza (1852-1905), slept 
under a baobab, now known as Tarbre de Brazza’, at N’Tamo, the village that was 
later to become Brazzaville, capital of Congo-Brazzaville (West 1972). 
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In Zambia, across the Zambezi from the Victoria Falls, stands the ‘Look-out 
Tree’, with a platform built around it from which an uninterrupted view of the 
entire Falls can be seen (Cashel 1995). 

Travelling by boat between Kalai, an island in the Zambezi, and the Victoria 
Falls, Dr. Livingstone (1857) observed nearby ‘the great burly baobab, each of 
whose enormous arms would form the trunk of a large tree’. This appears to have 
become confused with another large baobab on the Zimbabwe side of the Victoria 
Falls, which he probably didn’t see. Nevertheless it is named in his honour the ‘Big 
Tree’. It is now 22.6m in circumference and was purported to be, until a devastat- 
ing storm in 1960, 45.7 m high; it is now 24m high. Some claim that it consists of 
two or more trunks that have fused together (Mullin 1991, 2003a). It was from 
nearby that Livingstone (1857) gazed spellbound upon the Victoria Falls and wrote 
that ‘scenes so lovely must have been gazed upon by angels in their flight’. 
Predictably, the “Big Tree’ became the camping site of the early pioneers, and the 
traditional gathering point for those wishing to cross the Zambezi into Zambia. It 
is rumoured that several pioneers and early travellers were buried beneath this tree, 
but all traces of their graves have long disappeared. Livingstone is reputed to 
have carved his initials on the tree but over the centuries more than 500 people have 
defaced the trunk with their names or initials and have obliterated any evidence of 
his. He, however, claimed he carved his name on a tree, now dead but not a baobab, 
on Namakabwa Island (Livingstone Island) upstream from the Falls (Cashel 1995; 
Mullin 1991, 2003a). 

Livingstone is also credited with carving his rather distinctive initials on a 
baobab near Chiramba (Shiramba) in Mozambique, which he described as ‘a mag- 
nificent Baobab hollowed out into a good-sized hut, with bark inside as well as 
without’ and ‘74 feet [26 m] in circumference’ (Livingstone 1865). Quentin Keynes 
(1958) describes how he found an immensely wide baobab distinguished by a nar- 
row slit in the trunk opening into a hollow over 10m high and about 10m in cir- 
cumference. He discovered Livingstone’s monogram inside the hollow near the 
entrance. The tree has since been declared a historical monument (Owen 1833; 
Livingstone 1865). 

When David Livingstone died in 1873, his heart was buried under a baobab tree 
at Chitambo’s village, Kasanka National Park in Zambia, while his faithful servants 
carried his body to Zanzibar, whence it was taken to Westminster Abbey for intern- 
ment. The baobab has gone and has been replaced by the Livingstone Memorial. 

At Msuna, near the Zambezi, there is a notice that claims the local baobab to be 
the largest known; however, it is a mere 4.7m in diameter. Another ‘big tree’ at 
Chivi (not far from the Zimbabwe ruins, now known as Masvingo) is an outstand- 
ing landmark, despite being only 5.7m in diameter and 25.9m in height. It once 
served as the rallying point for raiding parties of Madzwiti (Matabele) impis 
(Cashel 1995). However, according to Tayler (1992) the largest baobab in Zimbabwe 
is on the Turwi (Turgwe) River, Devuri (Devuli) Ranch. When measured by forestry 
personnel in July 1987 it had a girth of 27.61 m and a height of 21 m. By 1992 the 
tree was affected by both drought and ‘sooty mould’ (see Chapter 9 for further 
details) and large branches high in the crown had broken, too high for elephants 
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to have caused the damage. The demise of the tree is considered inevitable. 
However, not all claims for exceptionally big baobabs can be substantiated. For 
reasons given in Appendix 4, girth and diameter measurements are generally 
misleading. 

Another famous tree is Muuyu waMutota or ‘Mutota’s Baobab’; named after the 
famous 15th-century warrior and first dynastic Shona ruler of Greater Zimbabwe, 
Chief Nyatsimbe, nicknamed Mutota, also known by his praise name of Mwene- 
mutapa or Munhumutapa (master of pillaged lands). Salt was then an exceedingly 
valuable commodity and was mainly obtained from burnt grass or animal dung. 
Learning of the saltpans at Chidim(b)a, in the vicinity of Tete, Mozambique, 
Mutota attacked and defeated the local Chief Chivere and occupied the land. Close 
to his headquarters at Chitako-changonya, a hill near the top of the Zambeze 
escarpment, there is a baobab with a secret hollow where he used to hide from 
his enemies. Naturally the tree became very famous and sacred, and offerings of 
specially brewed beer are poured into it on ceremonial occasions. When he felt 
death approaching, Mutota climbed Chitako-changonya, and struck the rocks a 
blow with his fighting stick to reveal a deep recess, wherein he was to be buried. 
On his instructions, his sons planted eight small baobabs round his grave, with a 
low wall surrounding the site, which, because of the baobabs, became known as 
Patuuyu tusere or more simply as Тииуи tusera (Mullin 1991, 2003a; Cashel 1995). 
Both sites are now national monuments, with Patuuyu tusere arguably the most 
sacred site in Shona oral tradition; permission to visit the site is not lightly given. 
Two of the trees were still standing in 1961 and had attained diameters of about 
2.5m, which Mullin considered consistent with planting at the time of Mutota’s 
death in c.1470. However, by 1991 both were dead and had been largely consumed 
by fire. Carbon dating from the base of one of the trees gave their age as 250— 
350 years, i.e. the trees dated from 1625—1750, long after Mutota’s death, sug- 
gesting that Mutota belongs to legend and not history (Mullin 2002). There is 
also the possibility that the sample was contaminated, with fungal infection 
being a distinct possibility. 

A similar legend is told about Chief Dandawa, who came from Guruuswa seeking 
salt at the Mana Pools, in an area now submerged beneath Lake Kariba. Dandawa 
eventually defeated the incumbent Chief Chidzere of the Soli clan and his people 
were forced to flee into Zambia. Chidzere refused to be driven from his land and 
declared: ‘My children, I am about to die by suffocation, but my flesh will not rot 
and become infested with worms, nor will it become of the soil.’ Thereupon he 
threw himself to the ground, raised both legs in the air and, beating the earth with 
both his hands, turned himself into a baobab tree. However, Chidzere’s spirits were 
angry about his treatment and a devastating famine, plus hordes of lions and hyenas, 
attacked the conquerors. The ancestral spirits were consulted and the response was 
that Chidzere’s people had an inalienable right to share and enjoy the land. The 
spirits were appeased and his people returned to live in harmony with Dandawa’s 
people. To this day, at the beginning of the rainy season and the sowing of crops 
and at their harvest, the tree’s priest offers Chidzere’s spirit sacrificial beer brewed 
from sorghum provided by members of the Soli clan (Cashel 1995). 
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Two baobabs on either side of the road across the Drie-Span Berg are known as 
the ‘Gateway to Gazaland’ and commemorate the trek by Thomas Moodie and his 
followers from South Africa to Zimbabwe. Moodie reached the summit of Drie-Span 
Berg on Christmas Day, 1892. The mountain is so named because three spans of oxen 
were required to haul each wagon up the steep slope (Mullin 2003a). 

"The Lovers’ (Plate 2) are two entwined baobabs with the lower portions of their trunks 
fused together, growing just within the Hippo Valley game park (Mullin 2003a). 

Travelling through Botswana with the brothers James and Henry Chapman 
(see Chapter 7), the artist and explorer Thomas Baines saw near Tsagobia 
(Tsagobiana) ‘a Baobab with “A.C. Green” neatly carved in such letters as are 
used in writing, and “J.W.B.” in Roman capitals near it’. A.C. Green is believed 
to be the Canadian-born Charles Green who, with his brother Frederick Joseph 
Green (1829-1876), travelled through Botswana during the 1850s. Frederick 
Green is wrongly credited with having supplied the first baobab seeds to be suc- 
cessfully raised in Britain (Cashel 1995). Baines believed J.W.B. to be the 
Bonfield mentioned by the Anglo-Swedish hunter, trader and explorer Carl Johan 
Andersson (1827—1867) as having been killed by a crocodile when his boat was 
overturned by a hippopotamus (Andersson 1856; Baines 1864), but according to 
Chapman (1971) that unfortunate was a G. Bonfield! Known as ‘Green’s Tree’ 
yet another baobab at Gweta, in the Ntwetwe Pan, bears several inscriptions, 
including the legend *Green's Expedition 1858’ in 22cm high letters and, partly 
visible, the name ‘PH Viljoen’, a big game hunter who is credited with having 
been the first white man to see the Victoria Falls (Steffens 1984). The initials 
of the notorious explorer, hunter and murderer, ‘H. Van Zyl’, are also carved 
on this tree as well as ‘О.В’ (probably Oswald Bagger, a flamboyant Swede) and 
the name ‘J. Jolley 1875’ (who died of fever at Mpandamatanga that same year). 
A noted landmark, *Chapman's Baobab’ lies to the south-east of ‘Green’s Tree’ 
(Guy 1967, 1971). 

In Botswana the Sibuyu Pan takes its name from the Shona vernacular name 
sibuyu for the baobab. Here a historic tree bears the names and initials of numerous 
travellers along the old Mpandamatanga (Panda-ma-tenga) road to the Zambezi, 
including the famous game hunter Frederick Courtney Selous (1851—1917), and, in 
1931, Edward Davison, the first Warden of Hwange National Park. Below a large 
cross is the inscription ‘Acts 9:3’, which is believed to have been carved by the 
early Jesuit missionaries who worked in the nearby Mpandamatanga Mission 
Station from 1880 to 1885. The earliest date on the trunk is 1895 against a man’s 
name, but it is in no way connected with the missionaries’ cross and is still clearly 
legible, indicating that the tree had grown very slowly since then (Mullin 1991, 
2002, 2003a). 

There is a famous hunter’s baobab in the Zambezi valley that old hunters 
chose as a monument to their friends (Green 1940). It bears the following 
inscription: 

Rider, died fever Lake Ngami 1850. 


Maher, killed by Baralongs 1852. 
Wahlberg, killed by wounded elephant 1857. 
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Dolman, died of thirst in Kalahari desert 1851. 
Robinson, taken by crocodile Botetli river 1851. 
Pretorious, died fever near Victoria Falls 1862. 
Bonfield, killed by crocodile, Ovamboland 1861. 
Burgess, blown up, gunpowder accident 1860. 


At Tsandi, Namibia, stands “King Nashilongo’s Baobab’, whose hollow trunk once 
served as his office. Not far away is ‘Sir Howard’s Baobab’, named after Sir 
Howard Lacam Gorges (1872-1924), the first administrator of the former South 
West Africa, who visited Ovamboland in June 1916. 

Another hollow baobab at Outapi has, in turn, served as a shelter and refuge, 
fortress, post office and chapel. Following the death without an heir of the 
Ombalantu king, Kamhaku ka Huhwa, the neighbouring tribes raided the kingdom. 
The Mbalantu people cut out huge chambers in the biggest baobabs in the district, 
including the ‘Outapi baobab’, the most impressive of them all. The baobabs were 
fitted with doors and loopholes for ventilation, observation and shooting at their 
enemies. Thus the Mbalantu protected themselves against their invaders (Mshigeni 
and Hangula 2001). 

Among the large baobabs around Tsumkwe is the *Grootboom' (big tree), a 
massive tree with a girth of over 30m; it died in 2004 (see Chapter 8). Another 
famous nearby baobab is the ‘Dorslandboom’, close to the track from Tsumkwe to 
Sikereti. It is where the Dorsland (thirst land) trekkers camped in 1891 en route to 
Angola; it is now dying. The immense ‘Holboom’ (hollow tree) grows near Tjekwe 
and appears to be even larger than the ‘Grootboom’. The local San try to make a 
little money by selling permits to visit the trees, but the tickets are sold in a village 
some distance away, so enforcement must be difficult. Leopards use the *Holboom' 
as their lair, and elephants visited the whole area, so it is inadvisable to camp under 
the baobabs (Swaney 1995; Lowe 2004, personal communication; Patrut 2007, 
personal communication). 

Near Tshipise, in Limpopo Province (formerly the Transvaal), there is an 
ancient baobab known as muri kunguluwa (the tree that roars, from the sound of 
the wind blowing through its branches). Reputed to be 4,500 years old, it is 27m 
high and has a girth of 26m. The wood content is calculated to contain around 
180,000 1 of water weighing around 200 t (Anonymous 1969). The infamous 
‘Briscoe Tree’, near the Letaba Rest Camp in the Kruger National Park, is a 
magnificent baobab which was used by the game poacher Briscoe in the 1900s 
as a vantage point from which to shoot elephants that had crossed from 
Mozambique into the Park. Another famous South African baobab is the 
*Olifantslurpboom' or ‘Elephant Trunk Tree’ in the Erich Mayer Park, Messina, 
so named from a branch that resembled an elephant’s trunk. The branch has 
unfortunately been damaged by fire. 

There is a legend concerning the giant ‘Glencoe Baobab’ on Glencoe farm that 
towards the end of the Boer War, two wagon loads of Kruger gold pounds were sent 
northwards towards the Oliphants River and, in the vicinity of Hoedspruit, the gold 
was hidden in hole made in a baobab trunk. A termite queen was buried with the 
gold in the expectation that a termite mound would cover the hole. Treasure seekers 
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hunting the gold now have to be discouraged from seriously damaging the ‘Glencoe 
Baobab’ (Esterhuyse et al. 2001). 


1.1 Baobabs in Wartime 


The cannon balls buried in the trunks of the baobabs at Mombasa are reputed to 
bear silent witness to Vasco da Gama’s warring skirmishes against the local peo- 
ples (Noad and Birnie 1989). However, in order to avoid any confrontation, he 
hastily sailed from Mombasa without attacking the town, and the cannon balls are 
more likely to have been fired during the assault and capture of Mombasa in 1505 
by Francisco d’ Almeida (Freeman-Grenville 1980; Ravenstein 1998). 

High densities of baobabs occur in Senegal around Dakar, Bargny and Thiés, 
north of the Gambia River between Kaolack and Toumbacounda, as well as in the 
Kedougou area in the south-east. In the past these baobabs were effective defen- 
sive barriers against attacks by mounted men, who hesitated to infiltrate between 
the trees for fear of being ambushed (Baumer 1994). 

In 1883 a field force led by Major General William Hicks Pasha (1830-1883), 
operating against the Mahdist uprising in the Sudan, was annihilated at Sheikan, 
near Kashgil (Theobald 1965). Hicks was reported to have been killed under a 
baobab known as *Bugler's Tree’, and his obelisk was built next to it. The tree is 
no longer extant. 

The economic value of baobabs as water cisterns to both villagers and long- 
distance travellers is illustrated by the large number of trees that were deliberately 
destroyed during the time of the Mahdi uprising in the Sudan of 1881—1898. The 
pro-Mahdist governor of Kordofan and Darfur, the Amir Mahmud wad Ahmad 
(c.1865—1906), led a large army in 1896—1897 on a famous march from Darfur to 
the Nile. Living off the land, the soldiers left a swathe of destruction along their 
route through western Kordofan, They prevented any movement of the local people 
by destroying their crops and piercing the bases of many of the water-storing 
baobabs (Blunt 1923; Theobald 1965; Hill 1967). ‘Mahmud’s Tree’ at Sa'ata 
commemorates this march. 

Twenty years later the baobabs of western Kordofan were to have logistic 
implications in the war against Darfur. Whether these were the previously dam- 
aged baobabs that had been resealed or whether different baobabs were impli- 
cated is not known. Ali Dinar (с.1865—1916) was then ruler of the independent 
sultanate of Darfur and paid a nominal tribute to the Sudan government. At the 
outbreak of World War I, a dissatisfied Ali Dinar came under the influence of 
pro-German Turkey and the Islamic Sanusiya movement in neighbouring Libya. 
In 1916 he renounced his allegiance to the Anglo-Egyptian Sudan and prepared 
for war against the Sudan. A Darfur Field Force (DFF, later known as the 
Western Frontier Force), consisting of 2,000 men and 1,200 baggage camels, was 
quickly assembled at En Nahud in western Kordofan. Some 220 km of desolate 
country had to be crossed, with the baobabs as the major source of water before 
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the DFF reached the fresh water wells at Jebel El Hilla, just across the border into 
Darfur. A number of suitable baobabs along the route to Darfur were accordingly 
bought or hired and filled to capacity during the rainy season. The possibility of 
the small band of Fur troops assembled at Jebel El Hilla invading western 
Kordofan and breaching the baobabs would threaten any advance by the DFF 
later in the dry season. Therefore DDF was forced to advance on Jebel El Hilla 
without waiting for further reinforcements. The operation was successful and Ali 
Dinar was eventually killed in battle. Darfur was then incorporated into the 
Anglo-Egyptian Sudan (Davies 1957; Theobald 1965; Hill 1967). 

This particular belt of baobabs also played a peacekeeping role. Since they were 
the major source of water, nomadic tribesmen and their livestock had limited access 
to the area during the dry season and the inevitable squabbles over dry season graz- 
ing and watering rights when rival tribes met were thus avoided. The provision of 
boreholes and hafirs (water storage- tanks) during the early 1960s opened up the 
area and the result was serious overgrazing. 

Baobabs were quite commonly used during World War I as snipers’ nests, 
machine-gun emplacements and artillery-observation posts in East Africa 
(Green 1940; Miller 1974). The moist, fibrous wood provided good protection 
against opposing fire while the hollow trunks offered excellent camouflage. 
Just over a month after the outbreak of World War I, Germany invaded 
Nyasaland, now Malawi, from former German East Africa. An enormous 
baobab outside the post office at Karonga became part of the fortifications, 
with a gun platform erected within the hollow trunk and holes cut for firing. 
The tree collapsed in 2004 (Howson 1972; Cashel 1995; Mayne 2005, personal 
communication). 

In 1914 German snipers concealed in baobabs at Tanga proved effective against 
an abortive British invasion from the sea. Another World War I story concerns the 
South African Infantry, whose headquarters were based at Kondoa under a great 
baobab, 20.5 m in circumference. Soldiers bivouacked under a baobab near the Himo 
River in the Taveta area. Salaita Hill, near Taveta on the Kenya- Tanzania border, 
commands the entrance to the strategically vital pass between the North Pare 
Mountains and Kilimanjaro. During early 1916 the hill was strongly defended by the 
Germans under the legendary Colonel (later Major General) Paul von Lettow- 
Vorbeck and became known to the attacking, mainly South African, forces as 
‘Slaughter Hill’. Contributing to the slaughter was a sniper secreted in a hollow 
baobab and it was several days before the hideout was spotted. When killed, the 
sniper was found to be a woman (Thomas 1916; Watson 2002, personal 
communication). 

The famous big game hunter and explorer Frederick Courtney Selous (1851— 
1917) lies buried under a baobab tree. He served in the East African campaign and 
was mistakenly shot by a guard near the village of Behobeho while answering the 
call of nature. To avoid any scandal his death was attributed to enemy action 
(Cashel 1995). 

To test the protection offered by a baobab a solid, 0.22 rimfire, subsonic, 
round-nosed bullet was fired at point-blank range into a trunk and penetrated 
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about 6cm (Watson 2004, personal communication). This suggested to the 
ballistics expert Colin McKinie (2004, personal communication) that the bark 
was pretty resistant. A typical pointed, full-metal-jacket, military bullet 
weighing about 175 grains (11.3 g) fired from a 7 mm Mauser or a.303 Enfield 
rifle would penetrate very much deeper. However, the high moisture content 
of the wood (31.5—41.6%) would tend to significantly inhibit penetration, the 
bullet's residual energy being expended in creating a terminal cavity, rather 
than continuing penetration. The conclusion was that the trunk of a mature 
baobab would be effective against everything up to and including armour- 
piercing heavy machine-gun ammunition. 

In World War II, during the battle for Keren, Eritrea in 1941, three Italian sol- 
diers sought refuge from the British bombardment in the small chapel within a hol- 
low baobab consecrated to the Virgin Mary. Although a large piece of shrapnel 
carved a hole in the trunk 3 m from the ground, the soldiers survived unscathed. The 
gaping window made in the trunk can still be seen today (Gordon 2000; Watson 
2002, personal communication). See also Chapter 6 for further details). 

‘Operation Baobab’ was the code name given to an SAS raid against an Italian 
railway bridge between Pesaro and Fano in support of the Anzio landings in 
January 1944 (Darman 1992). 

Chapman Pincher (1987) obtained confidential information about a 1950’s 
plot worthy of a B movie featuring the CIA. The MI5 considered playing on the 
tribal veneration of the baobab to prevent the spread of Mau Mau terrorist 
activities in Kenya. 


When MIS had been responsible for counter-espionage in British territories abroad it was 
involved in the planning of an astonishing operation against the Mau Mau insurgents in 
Kenya. Kew Gardens was asked to devise a way of causing a baobab tree, which is sacred 
to some Kenyan tribes, to wilt inside an hour. Botanists supplied a liquid and syringes and 
plans were laid to send out messages on the “bush” telegraph that the tribal ancestors, who 
are associated with baobab trees, were angry that people were being forced into taking the 
Mau Mau oath, A Dakota aircraft was to be sent up to stage a sudden display of fireworks 
over Mount Kenya and, while the tribesmen were wondering what it was, scores of baobab 
trees would quickly wilt. Fortunately for the trees the operation was cancelled. 


Perhaps not surprising, the Royal Botanic Gardens have no record of this story and 
MIS state: ‘It has long been the policy of successive governments neither to 
confirm or deny the existence of files on any particular subject, individuals or 
organisations until such time as the papers can be released under the Public Records 
Act’ (Denham 2002, personal communication). 

In Zimbabwe during the Bush War of 1965-1979 the ZIPRA guerrillas were 
reported to have used the Mubuyudema or ‘Black Baobab of Tshitashawa’ (see 
Chapter 3) as a staging post (Cashel 1995). 

A coloured photograph showing the Irish pop singer Geraldine Branagan sitting 
on the famous Mubuyu Toilet, a flush toilet in a baobab at Katima Mulilo in the 
Caprivi Strip, provoked an uproar among the top brass of the South African 
Defence Force when it was published in the army's newspaper Uniform, dated 
November 1982 (Cashel 1995). 
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In India, a massive hollow baobab, about 9m in diameter, growing just outside the 
famous Mogul fort of Golconda in Andhra Pradesh, is reputed to be at least 1,000 
years old. Once a hiding place for thieves and bandits, it is now used by the villag- 
ers as a shelter on cold winter nights. Its cavernous and callused interior is capable 
of accommodating 40 people quite comfortably (Chan 1999). 

The Chinese traveller Hiuen Tsang (629—644) described the baobab on the bank 
of the river Ganga at Jhusi Prayar, 9km from Allahabad, as a ‘great wide-spreading 
umbrageous tree’; ancient then, it still survives today. According to tradition, Jhusi 
was formerly known as Harbongpur, after the mythical raja Harbong, whose down- 
fall and that of Harbongpur, was ascribed to the Saint Gorakhnath (Varmah and 
Vaid 1978). 

The Bombay tree known as Gorakh is named after the celebrated Hindu ascetic 
Gorakh, who probably taught his disciples under that tree (Watt 1885). 

A curious hollow baobab standing in the court of a Buddhist chaitya, or assembly hall, 
at Chezalal, Kistna District, is popularly believed to grow out of a subterranean cave. It is 
known as Peruleni-pedda-manu, or ‘the nameless tree’ (Dymock et al. 1890). 


1.3 Adansonia digitata in the West Indies 


In the Virgin Island a venerable, multi-stemmed baobab in Grove Place, St. Croix 
is the only baobab in the centre of a village, and as such, has long been used as a 
public gathering place. It has presided over tea meetings and rallies of workers in 
the island’s early labour movement (Rashford 1991). Another baobab growing at 
the entrance to the St. George’s Botanic Garden was planted as a sapling in c.1976 
and in 2004 had a girth of 4.6m at 1.3m above ground level! Quite an astonishing 
growth even if the rainfall, although extremely variable, is about 1160mm (Mayne 
2004, personal communication). 


2 Famous Malagasy Baobabs 


About 15km to the north of Morondava the dusty road passes through a stand of 
about 100 stately A. grandidieri. A famous tourist attraction, L’ Avenue des 
Baobabs (Plate 3) is shown on postcards, coins and banknotes. One would have 
expected such a notable grove to be sacrosanct but some trees have been recently 
died due to water-logging caused by encroaching irrigated farmland. Others have 
been felled and have new shoots arising from the stumps. Nearly all the baobabs 
have been stripped of their lower bark for roofing. The species is in danger of 
extinction; see Chapter 10 for further details. 
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A very large, tall specimen of A. rubrostipa stands within the grounds of a mili- 
tary barracks at Bemanonga, not far out of Morondava and is said to be 900 years 
old. The tree is called ‘Jacqueline’ and is named after a young and beautiful woman 
who, according to a local myth, was shipwrecked off the coast and came ashore. 
She died at the spot where the tree later sprang up (Lowe 2004, personal communi- 
cation; see also Chapter 3). 

An unusual attraction, also near Morondava, is the entwined twin trunks of 
A. za, known as ‘Les Baobabs Amoureux’ (Pakenham 2002). 

Believed to have been introduced by the Arabs, the famous ‘Mahajanga Baobab’ 
on the sea front of that town is A. digitata. It has a girth of 14m and is said to be 
700 years old (Bradt 2002). 
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Allusions to the ‘gouty-stemmed (or ‘gouty stem’) tree’ (A. gregorii), can be found 
in ships’ records and botanical literature from the earliest days of European explo- 
ration of the northern coast of Australia. Grey (1841) wrote: “There was a very 
remarkable feature in the appearance of this part of the country, caused by a number 
of gouty-stemmed trees (a species of Caparis (sic).’ 

Some explorers were not above carving their own names or initials, or their 
ship’s names, on the trunks of large specimens, much as thoughtless or egotisti- 
cal tourists do today. Venerability and fame have, of course, endowed these old 
signatures with a historical significance that passing tourists can never hope to 
emulate. Most of them have also been inscribed with a draftsman’s skill. One 
example is the ‘Mermaid tree’ still standing at Careening Bay on the Kimberley 
coast, on whose trunk the crew of HMC Mermaid, under the command of 
Phillip Parker King, carved their ship’s name in large letters and 1820, the year 
of their visit (King 1827). 

The Mermaid was carrying out a hydrographical survey of the Kimberley 
coast when it started leaking badly, and King was forced to look for a place to 
careen the cutter and carry out substantial repairs. He found an ideal bay with 
a beach for this, and named it after the task at hand, Careening Bay. In accord- 
ance with Admiralty instructions to ‘take care to leave some evidence which 
cannot be mistaken of your having landed’, King had the ship’s name deeply 
engraved across the double trunk of a nearby massive gouty-stemmed tree 
(Plate 1). 

Allan Cunningham, the expedition’s botanist, was the first European to describe 
this species, which he erroneously believed to be a Capparis, and named it 
Capparis gibbosa (Heward 1842a, b). He also noted that, as well as having been 
carved on the trunk, the name of the vessel was ‘more endurably punched onto a 
sheet of copper which was fastened on the stem of a Hibiscus tiliacus (sic) growing 
on the beach’ (Cunningham 1827). 
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King was to revise this prediction: when he returned to Careening Bay in 
the Bathurst, 10 months later, he found the tree bearing it to have grown so 
much that one corner of the copper sheet had already been forced away. He 
remarked then that the still-fresh lettering on the Capparis was likely to last 
‘longer than any other memento we had left’ (King 1827; Hordern 1997). He 
could hardly have imagined that the inscription on the tree would endure into 
the next millennium. It is not known what became of the sheet of copper but, 
as that much travelled Australian botanist, Tim Willing, pointed out, local 
Aborigines or visiting Macassans from what is now Indonesia would have 
found it an irresistible trophy. 

In 1820, according to Cunningham, the tree’s girth measured 29 feet, or 
8.8 m. Nearly 180 years later it measured 12.2 m. The inscription, spread across 
two stems, today forms an obtuse angle. Assuming that the original letters were 
written in a straight line, the angle formed by the two parts of the inscription is 
a measure of the degree to which the stems have since pushed outwards and 
tilted sideways as they thickened. The increase in circumference of each stem 
has also widened the individual letters, giving them a stretched appearance. 
Distinct footholds are still discernible in the upper section of the tree, possibly 
cut by King's crew, who may have used the tree as a lookout against ambush 
by local people or Macassan pirates. 

Macassans were already frequent visitors to the north Australian coast, fishing 
for trepang or sea cucumbers (Holothuria spp.). They would have put in to the 
same bay and watered their prahus at the same stream from which King replen- 
ished the Mermaid. Cut deeply into the opposite side of the tree from the 
Mermaid's name is what Tim Willing believes to be an Islamic mihrab or prayer 
niche, probably made some time after 1820, since it was not mentioned in King 
(1827) or Cunningham (1827). Above the niche are cryptic marks that could be 
faded Arabic lettering. 

Marsden Hordern has a different theory about the origins of the niche (Hordern 
2001, personal communication to Tim Willing). He is convinced Irish Roman 
Catholics amongst King's crew made it as a ‘little shrine for a crucifix or a figure 
of the Virgin'. Hordern had served in the Australian Navy and described how, on 
Sundays during Divine Service, Roman Catholics were always ordered to ‘fall out’ 
and wait till the service was over. He believed devout Catholics would have waited 
in the shade on the other side of the great tree, and performed their own devotions 
at their homemade shrine. 

Alexander Forrest inscribed another historic boab during his Kimberley expedi- 
tion of 1879 (Forrest 1880). The 1979 centenary expedition by Dr. Peasley redis- 
covered the tree near Mount Clarkson, when retracing Forrest's steps (Peasley 
1980). The ‘Forrest tree’ had twin trunks and, when in leaf, provided substantial 
shade. Peasley found the inscriptions intact. In addition to the well-known 'F' 
above the number ‘69’ (marking the expedition's 69th camp) on the eastern side of 
the tree, and the ‘H’ for Hicks or Hill (both members of the same expedition), on 
the western side, there were a number of less distinct markings, including a second 
*69' carved obliquely beneath the first (Lowe 1998). 
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Near Forrest River, a boab commemorates ‘Mrs J. Wilkes, first white woman 
in Kimberley’ and her baby daughter, who was born and died beneath the tree 
(Hill 1940). 

As a contribution to the Australian war effort, Herbert Basedow led a minera- 
logical expedition to the Kimberley in 1916, in search of materials for the manu- 
facture of munitions. In his entertaining report Basedow (1918) described a number 
of boab trees, and was particularly excited to find one ‘with the name ‘STOKES’, 
carved in capitals deeply into its bark’. The inscription ‘could refer to none other 
than to that distinguished navigator Commander John Lort Stokes, R.N., who in 
1838 visited King Sound and named the Fitzroy River’. 

Stokes was a naval surveyor who joined HMS Beagle as a midshipman and 
accompanied Darwin on his famous expedition to Australia. He spent 18 years with 
the same ship and eventually became its commander. He conducted overland as 
well as marine exploration, as the engraving on this tree discovered by Basedow 
testifies. 

In 1997 Pat Lowe drove to Meda Station, hoping to find the tree described by 
Basedow, but the station manager told her he had ridden all through the relevant 
stand of trees looking for it without success. He believed the tree had either died or 
the bark, along with the inscription, had been eaten by stock. Ian Obern, a nature 
tour guide who is also familiar with that stand of trees, agreed that the Stokes 
inscription, if not the tree itself, has disappeared (Lowe 1998). 

Basedow also mentioned two trees on Meda Station bearing aboriginal markings. 
He removed the bark containing the carving of emu (Dromaius novahollandiae) 
tracks and deposited it in the Australian Museum. The others he found on a ‘spread- 
ing baobab tree opposite Emmanuel Yard': 


Near the base of the massive butt of the tree we were under, several designs had been carved 
into the bark by native hand. Among other less obvious figures we recognised an emu three 
feet high, an emu track and a snake, five feet in length. The carvings are well executed; the 
toes of the bird are shown in plan, and the head of the serpent is especially clear. 


Pat Lowe found what might have been this same tree near the now derelict 
Emmanuel Yard, a former stockyard on Meda Station, of which only the weathered 
timbers remain. It stands distinguished by age and size from all the other boabs 
scattered around the yard and along the creek opposite. Yet the tree bore no 
evidence of the carvings described by Basedow. However, sections of the bark had 
clearly been removed from the trunk, and it may be that Basedow, or a subsequent 
visitor, vandalised this tree for souvenirs as well. 

Another of the better-known boabs is the ‘Derby Prison Tree’, about 15km 
south of Derby, which, it is claimed, could accommodate a dozen prisoners without 
overcrowding. Its ceiling was about 6m from the ground and, apart from the 
entrance opening, there were two apertures for ventilation (Jones 1976; Cashel 
1995). However, there is no official record of any such use. Indeed, the tree is so 
close to Derby that the police would have pressed on to the town rather than spend 
an unnecessary additional night in the open. Since the prisoners were chained 
together, and had already camped in the scrub for many a night, there appears little 
reason to shut them up when they reached the hollow tree (Lowe 1998). Cathie 
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Clement (2002, personal communication to Pat Lowe) reported that Derby, estab- 
lished in 1883, had a gaol by 1887 and that the ‘Prison Tree’ was more likely used 
a temporary cell. She also points out that before Derby was established, blackbird- 
ers (settlers connected with the pearling industry) enslaved Aborigines as divers 
and workers for the pearling boats. The chained gangs were then marched to the 
coast and it is possible that some captives may have been held in the Derby boab 
while awaiting a boat, although no written evidence for this has so far been found. 
However, Kim Akerman refuted even this idea, on the grounds that there was no 
Aboriginal support for either story; he supported the claim by Idriess (1949) that 
the tree had been used as an Aboriginal ossuary. A fairly widespread custom was 
to place bodies on tree platforms, then later collect the bones and tie them up with 
bark and hair string, and deposit them inside trees or trees (Lowe 2004, personal 
communication). 

Another boab in Derby, known as the ‘Dinner Tree’, is where drovers corralled 
their cattle and halted for a meal before taking their cattle to the nearby harbour 
(Pakenham 2002; Heaver 2004); maybe the blackbirders also stopped there. 

Yet another prison tree used in the 1890s is illustrated in The Queenslander, 26 
February 1931, p. 29. It shows a hollow tree at Hillgrove, near Wyndham, with a 
floor space of 9.3 т>, which is said to be sufficient for 30 prisoners (Drawings 
Collection, Royal Botanic Gardens, Kew). 

Crawford (1968) suggested that boab trees bearing aboriginal carvings used to 
be common, but damage by fire, livestock and human visitors as well as natural 
attrition seems to have reduced their number severely. Nevertheless, the assiduous 
searcher may still discover such trees. A tree on the Hann River, near Mount 
Barnett, depicts a human figure on one side of the trunk and wallaby tracks on the 
opposite side. 

Crawford described several examples of trees in the East Kimberley, on Karunjie 
Station and near Wyndham, whose markings still remained intact after 30 years. He 
also noted: 


The trees provide shade from the sun, and under each tree one can find a slab of stone on 
which to break up the nuts of the tree, and a scatter of chips of stone, the waste material 
from the manufacture of spear heads. 


Today most of the stone slabs have disappeared, but scatterings of worked glass 
and stone can occasionally still be found. Spearhead makers used to cache their 
materials and half-made pieces amongst the roots of the trees that shaded them 
while they worked (Akerman 1997, personal communication). 

Other historical boab specimens grow around Timber Creek in the Northern 
Territory. The most famous of these is *Gregory's Tree’ (Plate 4), which grows 
close to the banks of the Victoria River, below the junction with the Baynes River. 
This tree marks a stage of the North Australian Exploring Expedition led by 
Augustus Charles Gregory, which explored the Victoria River basin in 1855-1856 
(Gregory 1858). 

In 1855 the expedition ship, the schooner Tom Tough, went aground and was 
damaged near the mouth of the Victoria River. While one party rowed upstream to 
collect fresh water, the ship's surgeon Mr. Elsey established a temporary camp near 
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a natural spring, to which the men ferried their many livestock and supplies from 
the crippled vessel. 

Some months later, when the rains broke, Gregory and several other members 
of the party, including the versatile artist, store-man and factotum Thomas Baines, 
explored upriver and found an ideal camping site near a pair of gouty-stemmed 
trees and a nearby spring. In a small tributary not far from the camp they came 
across a stand of tall paper-bark trees (Melaleuca sp.), which furnished timber suit- 
able for repairing the ship, as well as long strips of bark, which the men used as 
roofing material for their huts. They named the tributary Timber Creek. 

With a detachment of men and 30 horses, Gregory explored further upstream 
and found a site suitable for a Depot camp, to which he proposed to ferry stores and 
livestock in readiness for his overland journey to Brisbane. Baines was given the 
task of setting this up: no mean feat, given that the Depot’s distance from the 
Principal camp near Timber Creek was about 100km as the crow flies, further 
again from the Jom Tough. They were not flying like crows but sailing and rowing 
up tortuous rivers and creeks! 

Gregory then led an exploratory party inland as far as the edge of the Great 
Sandy Desert. On his return he found the ship’s repairs still incomplete and the 
expedition’s supplies severely reduced through the combined effects of seawater 
contamination, rats, termites, the heat and humidity. Gregory planned to set off 
shortly on his overland expedition via the Gulf of Carpentaria to Brisbane, and 
gave instructions for the schooner, as soon as it could sail, to travel to Kupang 
(Koepang) in Timor and take on board further supplies, then rendezvous with the 
overlanders at the Albert River in Carpentaria. Thomas Baines had already 
proved himself resourceful in countless ways and was left in command. The next 
few weeks passed in a frenzy of activity to make the ship seaworthy and also to 
transfer the bulk of the remaining supplies upriver to the Depot for Gregory’s 
party to carry overland. 

A few days after Gregory’s departure, Baines and his men dismantled the Depot 
camp and rejoined the Tom Tough, which then set sail for Timor. Before leaving 
the principal camp, Baines carved messages in two trees. According to Russell 
Braddon’s account based on Baines’s diaries (Braddon 1986), one reads ‘OCTOBER 
13 1855 - JULY 2 1856 LETTER IN OVEN’. The second tree was carved with the 
words ‘LETTER IN FORGE’. The letters gave details of the expedition’s activities 
for the benefit of any future explorers and to establish a prior claim. The “Gregory 
tree’ is still boldly marked with the date, 2 July 1856, but there is no evidence of 
the earlier date, and the rest of the message has been partly obscured by more recent 
markings. Not unexpectedly, there is no sign of a forge or oven. Baines also wrote 
his name and the date 5/7/56 on another boab by the Victoria River, which Guy 
(1971) reported to be still perfectly legible in 1966. 

When the overland expedition led by Gregory reached the Albert River sooner 
than expected, on 31 August, the supply ship and its crew, who had been engaged 
in a number of melodramas of their own resulting in their having to abandon the 
Tom Tough and hire the Messenger in its place, had not arrived. Gregory’s party 
still had ample supplies for the rest of their journey to Brisbane, and decided to 
leave without waiting for their support vessel (Wallis 1976). 
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Although the public approach to “Gregory’s Tree’ is several kilometres along a 
rough and very bumpy car track, it evidently draws enough visitors to be in danger 
of vandalism. An ugly mesh fence, with barbed wire running along the top and foot, 
now surrounds this once picturesque and welcoming shade tree, as showed on the 
old Timber Creek postcards, making photography difficult. It was on the expedition 
commemorated by this tree that the German-born Australian botanist and explorer 
Ferdinand Mueller (1825—1896) identified the Australian gouty-stemmed tree as 
the second then known member of the genus Adansonia, and named it A. gregorii, 
after Captain Gregory, the expedition’s Commander (Mueller 1857). 

A little further along the bank from *Gregory's Tree’ is the ‘Autograph Tree’, 
its trunk and branches covered in names, initials and dates that go back to 1884 and 
the Hall’s Creek gold rush (Hill 1940). 

Another notable but less venerable boab near Timber Creek is at the turn-off to 
Bullita. This is the ‘Government Tree’ with H.E. Le Hunte’s name neatly carved in 
the side, and dated 1906. Le Hunte was an administrative aide to the governor gen- 
eral, conducting an official tour of the Victoria River District, when he camped under 
that tree. He, or a member of his party, commemorated his stay with the inscription. 

About 10km from Timber Creek, on the Kununurra road, there is another sizeable 
boab tree, also carved with the date 1906, marking the grave of a young drover 
named John Lawle, who lies buried at its foot. The simple, hand-engraved, tin 
plaque nailed into the tree above the grave informs the visitor that Lawle was 33 
years old when he died. 

An intriguing discovery made public as recently as 1997 was the mysterious 
inscription on a boab tree on Bradshaw Station on the Fitzmaurice River in 
Northern Territory. The tree is carved with the date 1814, which is several decades 
before the first known expedition by European explorers of the area. It also bears 
some wording, no longer decipherable, which appears to be a Latinate name. There 
has been speculation that the date was carved by an unrecorded Portuguese visitor 
to the coast, perhaps a member of a reconnaissance team of seamen exploring the 
Fitzmaurice, but no corroborative evidence has yet been found. 

Darrell Lewis of the Northern Territory Research Unit claims to have recorded 
more than a 100 trees in the Victoria River District with historic markings, includ- 
ing names of explorers and drawings and designs by both aboriginal people and 
Europeans. 

Camden Harbour in the Kimberley was the site of an ill-starred attempt at early 
settlement by the Camden Harbour Pastoral Association (Richards 1990). Inspired 
by reports of ‘luxuriant vegetation’, ‘plentiful animals, birds and fish’ and espe- 
cially ‘millions of acres of good pastoral country’, three groups of would-be settlers 
including women and children set off from Victoria in 1864 aboard three vessels 
with their stores, furniture, horses and 4,500 merino sheep. They arrived at Camden 
Harbour in December, the hottest, driest time in the year. They found rocks and 
dead grass instead of the seasonal ‘splendid pasture and abundant water’ seen by 
members of a gold-seeking expedition, which had visited the Harbour earlier in the 
year, just following the wet season. 
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The small area of pasture around the one freshwater spring near the shore was 
insufficient for the stock, and the sheep died in flocks. The intending settlers, most 
of whom were moneyed and unused to manual labour, quickly became demoralised 
and started to leave as soon as ships called in. 

A magistrate, R.J. Sholl, had been sent up to administer the settlement. He also 
officiated at burials, including that of Mrs Mary Jane Pascoe, aged 30, who died on 
4 June 1865 of ‘remittent fever’ after delivering a baby. Mrs. Pascoe was laid to 
rest at the foot of a sturdy boab tree near the narrow, little beach on Sheep Island, 
a tiny, rocky island just out of Kuri Bay. 

Her headstone is the only one still standing, the grave itself marked out by 
large stones. Other graves are now covered with a tangle of vegetation, their 
marker stones disarranged, and their headstones, some of which were wooden 
and others of metal, long ago eaten by termites or stolen by Macassan fishermen. 
The boab tree remains a silent witness to these burials and Crawford (1968) 
reported that Mary Pascoe’s name, which had been carved on the boab at the time 
of her burial, was still ‘perfectly legible’. Thirty years later most of the markings, 
including Mary’s name, have grown over and were difficult or impossible to 
decipher fully. 

The tree also bears a small metal plaque, inscribed, ‘IN MEMORY OF PC 
WALTER GEE DIED SEPTEMBER 1865 SPEARED BY NATIVES WHILE 
ON DUTY WITH SCHOLL (sic) EXPEDITION.’ Constable Gee was a member 
of a party of six led by Magistrate Sholl who set off in a pinnace to find and 
retrieve a Government boat stolen by Aborigines resentful of the settlers’ intru- 
sion. While resting on the shore the party was attacked by a large band of the local 
inhabitants. Treverton, Sholl’s son, and Constable Gee both suffered spear 
wounds. The whites opened fire and killed and wounded an unrecorded number of 
their attackers while escaping to their boat. They rowed away, struggling against 
the tide. When they stopped to rest their anchor caught fast against the rising tide, 
the bow was pulled underwater and the men were thrown into the water. One was 
drowned, but the others managed to struggle ashore and made their way back to 
Camden Harbour. 

Treverton Sholl and the others recovered but Walter Gee died on 17 August, leav- 
ing a widow with four children; a fifth was born 2 months later. It seems that the 
plaque on the boab tree is inaccurate by one month. It was probably put up relatively 
recently, Gee’s grave having long since crumbled into the bush. (Richards 1990). 

In Northern Territory the Drovers Rest Boab Tree Precinct on the open flats at 
the junction of the East Baines River and Barrabarrac Creek, near Timber Creek, is 
a gazetted heritage site. For more than 40 years it was a rest site for cattle drov- 
ers, who carved their names and pictures and left messages on the seven boab trees 
(Northern Territory Government 2003). 

The boab trees near the Koolendong Waterhole carry examples of Aboriginal 
carvings, including an emu-like bird and geometric motifs, as well as the names and 
initials of aboriginal stockmen who formerly worked in the area (Northern Territory 
Government 2001). 
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*Patterson's Tree’ on the banks of the Ord River bears an inscription that dates 
from the time when the Ord basin was an important cattle station (Hill 1940). 
It reads, somewhat irreverently, a cattleman’s prayer: 


Oh, Heavenly Father, if you please, 

We pray to Thee on bended knees 

That you and your blessed son, Our Lord, 
Will keep the ‘cockies’ off the Ord. 

O paralyse the duffer’s hand 

When he lifts up his flaming brand, 

Keep poddy-dodgers from the glen. 

For Jesus Christ’s sake, Amen. 

Now, O God, forgive our sins, 

And may every cow on Ord have twins. 


The introduced boab growing in Cavenagh Street, Darwin achieved fame during 
World War II for the unexploded ‘Daisy Cutter’ bomb that lay within its shade for 
several days before it was discovered (Northern Territory Government 2000a). 


Chapter 3 
Folklore and Tradition 


The baobabs are an object of folklore and fetish throughout Africa, Madagascar 
and Australia. Africa is the best documented, although there is a noticeable 
shortage of stories from the Sahel, which is probably attributable to the Moslem 
influence from the 14th century onwards, when stories associated with the African 
spirit world were discouraged. These tales have been passed on verbally from one 
generation to another and, over the years, may have changed both in their telling 
and collecting. 


1 Adansonia digitata 
1.1 The Origins of the Baobab 


Throughout Africa the baobab is venerated or regarded with awe by most indigenous 
people; some even consider it bewitched. Its huge and often grotesque shape has 
caused much speculation as to how and why it arrived on earth. The absence of 
natural regeneration nowadays has even led some Africans to believe that the 
baobab is the result of spontaneous generation and appeared by magic overnight. 
Others believe the trees possess souls or are inhabited by ancestral spirits. Some 
even believe that the trees walk about at night but have to stay in one place during 
the day (Sweeney 1973). 

The Hamar Arabs in the Sudan ascribe a hoary past to all the bigger baobabs, 
and in some of the northern Omadias, the territory of a group of villages, the 
villagers believe the Anag hollowed them out with their giant fingernails (Blunt 
1923). This would seem to imply the Anag were considered mythical creatures. 
However, the Апар or 'Anaj were the aboriginal inhabitants of the northern hills 
of Kordofan, now strongly Arabicised (MacMichael 1912; Arkell 1961). 
According to ‘Awn al-Sharif Qasim’s Dictionary of Sudanese Colloquial Arabic: 
“The ‘Апај were a tribe of people who were part of the kingdom of the Funj. They 
were previously friends of Christian Soba’ (Holt 2002, personal communication). 
Soba, the capital of the Nubian kingdom of Alwa, lasted until c. AD 1500. 
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How far back in time were the origins of the Anaj is unknown but it is possible 
that the giant fingernails should be interpreted as stone scrapers. 

A common Arab legend regarding the upside-down tree is that the devil plucked up 
the tree and thrust the branches into the soil and left the roots in the air. A Burkina Faso 
legend tells that when God planted the baobab tree it kept walking, so God pulled it up 
and planted it upside down to keep it in place. A Nigerian version relates how an angry 
Nigerian hunter called Odede turned the tree upside down (Esterhuys et al. 2001). 

From the Congo, it is believed that when the baobab was first planted in the Congo 
Basin and complained of excessive dampness. The tree god pulled it up and replanted 
it on the ‘Mountains of the Moon’, where it continued to complain. Greatly angered 
by the continued moaning, the tree god again uprooted the tree and flung it far and 
wide; it landed upside down in the drier parts of the world (Cashel 1995). A similar 
story from Kilimanjaro tells of a vain, fat and wrinkled baobab beside a pool. It was 
angered by the reflections of the more colourful neighbouring trees and continuously 
complained to God who, angered by the criticism of his creation, seized the baobab 
and planted it upside down (Lewington and Parker 1999). A variation from Tanzanian 
folklore tells how the baobabs used to walk around the countryside until one day God 
became tired of their endless peregrinations and, determined to keep them firmly 
rooted to the ground, planted them upside down (Finks 2003). 

In both Senegal and Zambia it is believed that the baobab started its life as a 
creeper, which engulfs and strangles an ordinary tree with its tentacles, turning its 
victim into a baobab (Mullin 1991). According to Hughes (1933): 


A Native path winds its way from the Mchinga Plateau down to the Luangwa Valley more 
or less following the course of the Mwamba River. Just below where it leaps over the last 
step of the mountain staircase there is a hot spring rising in the middle of the sandy bed of 
the stream. Just above the hot spring alongside the trail down the mountain stands a mighty 
Baobab tree. The Native name of the Baobab is Mlambi, and although the hot spring is 
called Kapisya, the place itself is known as Pamlambi, meaning “At the Baobab”. As far 
back as 1902, when walking along the edge of the forest down the Valley below the escarpment, 
Nyamungomba, the guide, pointing with his spear to an object on the ground, said, Mlambi 
ulya, meaning, “a baobab”. The object he was pointing at was a horrible looking snaky 
creeper fifteen or sixteen feet long which was growing along the ground, and making its 
way in the direction of a large tree. It was round without branch or leaf, and was covered 
with the same smooth purplish-brown bark as the well-known big tree. I took little notice 
as I had seen them on other occasions. Nyamungomba told me that this creeper slowly coils 
itself round and eventually engulfs a large tree, changing it into the hideous well-known 
big tree. Both parent and child have a sinister, awesome appearance. 


Some Bantu tribes tell how God visited the Sabi Valley in Zimbabwe and became 
thirsty and sought water from the muuyu [baobab]. Angry at finding none, he 
uprooted the baobab and replanted it head down, with the roots in the air. Another 
belief is that an elephant frightened the maternal creator of the baobab and, as a 
result, the tree acquired its grotesque shape. Similarly, in South Africa, it is also 
believed that an elephant frightened the maternal ancestor of the baobab and that is 
why the tree grows upside down (Palmer and Pitman 1972). 

The Kung Bushmen of the Kalahari, Botswana, believe that when Kauha or 
Gaua, one of the lesser names of the Great God Gaoxa, gave trees to Oeng-Oeng, 
the first man, he also gave one to each animal, except to the hyena, the personification 
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of evil. The hyena complained that Gaua behaved badly because he was treated 
differently from the others. Eventually, in order to pacify the hyena, Gaua gave him 
the last plant, a baobab. The hyena, out of spite, promptly planted it upside down 
(Guy 1971). Other versions tell how the hyena was so stupid that when he was 
given the tree, or the seeds, he planted them upside down. On seeing the beauty of 
all the other trees he realised his error and has been laughing about it ever since. 
Also from the Kalahari, the San have a similar legend attributing the baobab's 
weird appearance to an angry and vengeful hyena who was dissatisfied with the tree 
he received when the Great Spirit was presenting trees to the first people and to ani- 
mals. Because the hyena had arrived late he received the baobab, which was the only 
tree left, and the tree nobody else wanted. He was so angry that he planted the tree 
upside down (Wright and Kerfoot 1966; Owen 1970; Rashford 1986). In another 
variant, Miller (1979) relates how the early Bushmen believed that the baobabs were 
flung from Paradise by the god Thora and landed on earth upside down with their 
roots in the air, and lived. They also believe that baobabs do not grow but arrived on 
earth fully grown, and they even claim to hear the thuds of the baobabs landing! 


1.2 Religious, Ceremonial and Sporting Occasions 


1.2.1 Religious Ceremonies 


The Wolofs of Senegal prepare a baptismal dish consisting of powdered baobab pulp, 
groundnut, nutmeg and sugared water. Moslem families are said to eat a similar prepa- 
ration at the end of Ramadhan and Catholic families at the end of Lent (Owen 1970). 
In The Gambia a religious dish known as nan mburu is eaten at Easter. Pounded rice is 
soaked for 30 min, made into pea-sized moist balls, steamed and strained, then sugar 
is added. The balls are then put into the liquid obtained from soaking baobab pulp in 
hot water until dissolved. The dish is served with milk or cream (Szolnoki 1985). 


1.2.2 Funeral Customs 


In the Senegal, there are people known as griots, who occupy the lower rung of the 
Serer social structure; in Wolof they are known as the gewel or guevel. They are the 
*praise singers', the society's historians, genealogists and musicians (Mahoney and 
Idowu 1965). In French literature the term is broadened to mean the outcasts of Serer 
and Wolof society, and includes poets, musicians, sorcerers, drummers, buffoons, 
blacksmiths and other metal workers. Such people, as well as their wives and chil- 
dren, used to be denied burial in the soil lest the millet crop should fail, neither could 
they be thrown into the sea or rivers lest they pollute the earth or water. Instead, their 
bodies were suspended between earth and sky in a hollow baobab for mummification 
without the benefit of perfumes and embalming. Their mummified corpses survived 
long after the skeletons of their rulers, who had been given a traditional burial in the 
soil, had decomposed beyond recognition. Education, urbanisation, Islamic and 


52 3 Folklore and Tradition 


Christian beliefs in recent years, have led to a decline in this funerary practice except 
among the animist Serer. In The Gambia, where griots are known as jalis, the baobabs 
still have a spiritual significance and are rarely cut (Cooke 1870; Grisard 1891; 
Mauny 1955; Adam 1962; Mollien 1967; Owen 1970; Gregg and Trillo 2003). 

The Dogan of Mali live in small villages at the foot of the Bandiagara escarpment. 
They follow a ritual for their dead that ensures the soul leaves the dead body, is freed 
from its village attachments, and enters the spirit world of the ancestors. The corpse is 
hoisted with ropes made from baobab fibre to the burial caves in the cliff face. 
Meanwhile, the soul haunts the family house until a second ceremony takes place, a 
masked dance, where it is invited to leave the family home. Nevertheless, the soul 
remains in the village. Some years later, there is grand ceremonial dance during which 
it finally leaves the village, to wander in the spirit world at the rim of the cliff. 

The Dogan inter lepers in hollow baobabs and seal the openings with clay and 
straw to prevent infection. They do not eat the leaves and fruits from hollow 
baobabs for fear of becoming infected (Pern 1982; Velton 2000). 

The Otamari of northern Benin have a ceremony known as Dikou which, to mark 
the end of mourning, a well-wrapped baobab branch representing the deceased is 
buried, receiving the same honours as the deceased’s body (Codjia et al. 2001). 

In 1799 the Danish physician Peter Thonning travelled to what was then Danish 
Guinea, now part of Ghana, where he studied the natural resources and attempted 
to establish crop plantations as part of a plan to combat the slave trade. His notes 
on the baobab, known locally as sjado-tjo, read as follows: 

The inhabitants in Ashanti [region], Akim [tribal area], Aquapim [Akwapem tribal area] 

always bury their principal dead secretly and often in this tree especially in times of war, 

when they fear that the enemy will discover the body and keep the bones on his drums as 

a sign of victory and of his enemies’ disgrace. The inhabitants declare that the body is dried 


without putrefaction in this tree; at old age the trunk is hollowed out and the body lowered 
into it. (Schumacher 1827, 1829; quoted in Hepper 1976) 


In Tanzania, the hollow trunks of some baobab trees are used to inter those who 
have died from certain diseases. During the ill-fated East Africa Groundnut Scheme 
(1947-1950), a bulldozer jarred a baobab tree and dislodged а skull. Watterson, the 
local manager, immediately held a council of the Wagago tribal elders and it was 
agreed that the skull of the "Unknown One’ was to be placed at Watterson’s right 
hand in the council to ‘whisper wisdom in our ears’ (Wood 1950). 

On the Tanzanian coast, a pair of baobab saplings was traditionally planted at 
the head and foot of the grave of a dignitary. In time they merged to form ‘one tree’, 
enclosing the tomb in their roots (Finks 2003). 


1.2.3 Rainmaking, Hunting and Other Ceremonies 


The Tenda of Senegal use the shell of the pod, instead of a gourd, for drawing 
millet beer in a hunting ritual. To bring rain, the women and young girls sing and 
dance around the mortar while pounding baobab leaves in a little water; the Keita 
make a sacrifice at the foot of a baobab to bring rain (Ferry et al. 1974). 
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As the dry season draws near, the Serer used to gather under the baobab at 
Nghaye for rainmaking ceremonies (Anonymous 2005a). Offerings are often pre- 
sented by the Senegalese to their ancestral spirits; usually dishes of food, such as 
eggs, kola nuts or a bulrush millet porridge (lakh). The dishes are then broken so 
that the food runs into the ground and can be eaten by the spirits. 

Pagan survivals are widespread among the Berbers who, despite their deep 
devotion to the cause of Islam, are at peace with ancient beliefs and customs. In the 
Toureg tribal lands of the Sahel, baobab trees are revered, and customs of the 
indigenous peoples are mingled with Berber beliefs. There is one baobab shrine of 
the Inammen Toureg at Dakfao in Niger (see Chapter 2 for description), where 
offerings are made and prayers are still said by the Moslem faithful (Norris 1982). 

In Ivory Coast the baobab trunk is slashed on east- and west-facing sides in an 
offering to the sun (Kerharo and Bouquet 1950a). 

Sacred groves are widespread in Ghana and there are two such groves in 
Bolga District in the north-east consisting of closed canopies of baobabs and 
ebony trees (Diospyros sp.) where the local people hold festivals, sacrifices, 
worship and communion with the gods. Each grove is tended by a tendaana or 
earth-priest The local Dagomba also appoint chiefs of certain wild tree species 
that are of economic importance. They are responsible for regulating access and 
for settling disputes over rights to collect the fruits. The tree-chief for the 
baobabs is known as the tunaa. Tree-chiefdom is an important institution in 
areas of high population density where natural resources are endangered; 
in low-density areas the village chief may assume responsibility for all economically 
important trees (Millar 2000; Blench 2004). 

Only baobabs that contain dieties are sacred to the Otamari of northern Benin. 
According to the oracle, such baobabs are either male or female and their dieties 
can be materialised by a stick of Diospyros mespiliformis or Gardenia erubescens. 
The initiation ceremonies of a young man or woman are carried out under such a 
‘male’ or ‘female’ baobab. At the start of each farming year the deities are asked 
to make the season plentiful. ‘Kuaganata’ is another ceremony in which, at the start 
of the hunting season and of the honey harvest, a sauce prepared from crushed 
baobab seed is eaten by the hunters and honey collectors (Codjia et al. 2001). 

The Moro, as well as most other Nubian clans in the Nuba Mountains, Sudan, 
value the show of stoical courage during initiation rites and other ceremonies of not 
only the boys and men but also the girls and women. Unlike some clans, where the 
females prove their courage by fighting with sticks, the Moro women have whip- 
fighting contests known as lepido, using whippy baobab branches as their weapons. 
Such switches make vicious whips and the shedding of blood and other injuries 
occur frequently. The bravest fighters are granted adulthood but the more cowardly 
or unskilful may have to wait a year or more before the next whip fight and the 
chance to be upgraded (Sweeney 1973). 

Jones and Marlowe (2002) studied the time required by humans to learn survival 
techniques. They compared different age groups of Hadza climbing baobab trees, 
an important and dangerous skill, and found no change in efficiency with age 
among those who attempted it. 


54 3 Folklore and Tradition 


1.3 Baobab Spirits, Superstitions and Folk Stories 


The story is told of the saintly Sheik El Yeddali (1096—1166) of Senegal, who was 
known for his appreciation of the environment. When he died, a holy woman and 
friend of El Yeddali grieved deeply; in a vision she saw a baobab tree and stones 
move, and she repeatedly cried out ‘Mohammed el Yeddali’. It was the baobab that 
caused these movements and the lady was comforted by this vision (Basset 1909). 

In the Bassari region of Senegal, baobab fruits are the favourite food of a 
solitarty spirit, the skinny, nocturnal giant Xwety-Omak. He makes a small hole at 
the extremity of the fruit and sucks it dry (Anonymous 2005a). 

Throughout Africa there is the belief that evil spirits dwell in certain baobabs 
and, after dark, lie in wait among the twisted branches for their victims. It is 
claimed that if you place your ear against the trunk you can hear the spirits chuck- 
ling within. How people learnt about the spirits is a mystery since even the boldest 
native will pass the baobabs singing in the moonlight in order to keep the spirits at 
bay, and never pause to listen. Perhaps bees nesting in the hollow are responsible 
for the ‘chuckling’ (Green 1974). 

Richard Owen (1961) relates an incident that took place during his journey down 
the Niger, which illustrates the awe in which the baobab is held. When Owen 
started setting up his mosquito net beneath the canopy of a large baobab, his servant 
tried to dissuade him. He patted his pockets and said the reassuring words gris-gris 
(Malinke for a 'protective charm"), and the servant went away, though still 
dubious. 

In Senegal, parents protect their babies from evil by bathing them in water con- 
taining flour made from baobab seeds (Owen 1970). The natives have a saying: 
"The Blacks die when the baobab has lost its leaves; it is the turn of the Whites 
when it has renewed its leaves.’ The saying simply reflects the increase in mortality of 
the indigenous population during the cold dry season when food is short, and that 
of the Europeans during the hot wet season when fevers were rife, before the use of 
prophylactics (Chevalier 1906). 

In Burkina Faso the baobab is a fetish tree and it is left standing when bush is 
cleared (Kerharo and Bouquet 1950b). Children of the Lyele [L Éla] born under the 
sign of this tree (kukulu) are given patronymics, kukulu for boys and ékulu for girls 
(Nicolas 1953). There is also a local tradition in southern Burkina Faso that a per- 
son planting a baobab will die when the tree first bears fruit (Smith et al. 19962). 

At Maradi, Niger, women place money in an enormous split baobab in order that their 
wishes might be fulfilled (Luxureau 1994). The Dompo people of western Ghana claim 
to have descended from a horseman who emerged from a split baobab that is still alive 
and near their settlement. In the Volta Region of Ghana, the local community believes that, 
should the local baobabs die, their community will break up (Blench 2004). 

The Malshegu settlement, near Tamale in northern Ghana, was founded in the 
early 18th century and, being only 2 km from the trans-Saharan route, was subject 
to raids by Arab slavers. It is believed that the founding families were able to rout 
the Arab raiders in their first battle because the community's fetish god, Kpalevorgu, 
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in the form of a rock under a baobab tree in a grove outside Malshegu, helped and 
protected the families. A grand Durbar led by the Kpaina, the community’s most 
powerful religious leader, is still held twice a year to honour Kpalevorgu (Dorm- 
Adzobu et al. 1991). 

People in the Volta region of Ghana have a saying: “Knowledge is like the trunk of 
a baobab tree: no one's arms are long enough to encompass it’ (Dugmore 2006). 

At one village in Benin there are two large baobabs facing one another where 
children, whose upper incisor teeth had erupted before the lower ones, had their 
heads battered against the trunks. Even today such children are regarded with 
suspicion and given away to other tribes, but may they be redeemed in later years 
and taken back into the family. The Yoruba had a similar tradition and destroyed 
any ‘abnormal’ children; visitors to the Alake’s Palace at Abeokuta can be shown 
where a former gory baobab once stood (Owen 1970). 

The primitive tribes of northern Nigeria show their reverence for the baobab by 
cutting symbols in the bark (Meek 1925). In Bornu the genii of the baobabs will 
kill anyone against whom they bear a grudge by a blow to the face (Talbot 1912). 
In order to ward off witches the inhabitants of the Jos Plateau, Nigeria, mix 
powdered baobab bark and grass with water and place the mixture in holes in the 
ground near the feet of a standing or sitting person (Quimby and Persinos 1964). 

In southern Nigeria, worship at particular baobab trees has long been associated 
with relief from barrenness. A Yoruba village called Idi-Ose (Village of the osé 
[baobab]), 15km north of Ibadan, is dominated by a large baobab known as 
Iya-Olomo (mother of children), which used to be the centre of such worship. 
People came from over 150 km away to offer sacrifices of goats and cocks to the 
tree, many of them attesting to its power to overcome barrenness. It is for this reason 
that many baobabs have been given feminine names. The goat was sacrificed to the 
spirit of the tree and its blood poured into a hole at its base. These sacrifices 
continued at least into the 1960s. The Bale or Chief of Idi-Ose reported that the tree 
heralded the approach of visitors and epidemics and protected the villagers against 
smallpox. Even today, as protection against evil, newborn children are washed in a 
mixture of powdered baobab bark and native soap. The Yoruba then praised the 
baobab in a song that may be loosely translated as “The arms of a child cannot go 
round the trunk of Ose, he will just be going round the tree' (Owen 1970; Armstrong 
1979b; Kondor 19902). The broken pots and old gin bottles at the base of the tree 
testify to its use as a shrine. Similarly, another baobab shrine on the Ede to Iwo road 
has a band of white cloth around its trunk (Jackson 1970). 

Matthiessen (1994) tells how the Sudanese Nuer people, who live near Malakal, 
believe their ancestor originated in the west and descended to earth down a baobab. The 
distribution of the baobab, which is not recorded from Nuer territory, raises doubts about 
the authenticity of this tale. Yet the baobab is known to the Nuer as Kusha and its bark 
is used to drench their cattle. Evans-Pritchard provides a more plausible version in which 
Kar, the first Nuer, descended from heaven by a rope that connected the sky to a tamarind 
tree (Tamarindus indica). 

A solitary tree near Moyale, Kenya, is the only baobab in the area and considered 
sacred (Vollesen 1995). Close to the market in Karin, Somalia, stands an ancient 
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and gnarled baobab. Long venerated by the local inhabitants, it is believed to mark 
the spot from which fertility springs. Even today, according to tradition, should a 
woman desire a husband or child, she must prepare coffee in the shade of this tree. 
If a traveller passes and accepts a cup her wish will be granted. It is where the 
town’s orphans played and, in the late 19th century, the Sisters of Charity built a 
small chapel in the tree, and it became known as St. Maryam dearit – The Madonna 
of the Baobab (Gordon 2000). 

In East Africa, Resa, the Lord of the Rains, is said to live among the upper 
branches of great baobabs that hold up the sky (Guy 1971; Cashel 1995), a legend 
perhaps analogous to that of the air-goddess Shu of the Ancient Egyptians separat- 
ing the heavens from the earth, or the giant Great Father diety Ptah supporting the 
sky with his head (Geddes and Grosset 1997). 

Many tribes in East Africa believe that individual trees or groups of trees are 
inhabited by spirits and place a piece of cloth tied to a stick and offerings of food 
at the base of the trunk (Weiss 1979). The baobab also plays an important role in 
various witchcraft ceremonies, especially when spirits are cast out from the 
bewitched. 

In Giriama, Kenya, the baobab is regarded as a sacred and peaceful tree; a cut 
tree is reputed to bleed like a human being (it oozes a reddish gum) and brings bad 
luck to whoever cuts it (Maundu et al. 1999). An old baobab at Gataka, near the 
Kiritiri-Ngandure road, is considered protective; many years ago some local people 
had to flee from invaders from Mwea, safely leaving their tools, weapons and other 
property at the base of the tree. Several other baobabs in Kenya are reputed to have 
the ability to change the gender of a person who walks around the tree several times 
leading a goat or black sheep (Riley and Brokensha 1988; Maundu et al. 1999). 

In Tharaka young trees are never cut, while in Kamba baobabs are not debarked 
shortly before or during the rains for fear of the rains failing (Maundu et al. 1999). 

Even in Zanzibar today, the baobab remains the centre of black magic rituals. 
Many of the waganga (witch doctors) take their subjects to a special tree where 
they may attach ornaments to the branches in order to give a spell power, hammer 
nails into the trunk to kill devils or climb up and sit in the branches while carrying 
out various ceremonies. 

The Hadza of northern Tanzania believe that man arrived on earth by climbing 
down a baobab or, in an alternative version, down the neck of a giraffe. They claim 
descent from a giant elephant hunter and god called Hahole, who died after being 
bitten by a cobra. His wife Tsikaio then went to live in a great baobab where, after 
6 days, she gave birth to Konzere. The descendents of Tsikiao and Konzere are the 
Hadza (Matthiessen 1994). 

The inhabitants of the Tanga coast of Tanzania believe mischievous spirits abide 
in trees, especially baobabs. These spirits sometimes appear as ugly black beings 
but, as a rule, they enter unseen into people’s bodies, causing much sickness and 
misery until a sorcerer casts them out (Frazer 1911). Tanzanians also believe that a 
baobab is a safe place to bury treasure because ancestral spirits will ensure its 
safekeeping (Finks 2003). Frazer (1911) gives other examples of baobab worship 
for Tanzania. In time of drought, the elders of the Wakamba assemble and take 
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a calabash of ‘cider’ and a goat to a baobab, where the goat is killed but not eaten. 
Before harvest the Wabondéi sacrifice a goat to the spirit that dwells in the baobab 
tree, pouring the blood into a hole at the base. If the sacrifice was omitted the spirit 
would send disease and famine among the people. 

At Maswa, the Mbuke baobab of Ng’ wagala chiefdom personifies Mbuke, the 
ancestral woman of the Ng’ wagala. Among the oral traditions is the belief that if a 
baobab is pinched it oozes blood and causes wounds in all the neighbouring 
children until its own wounds are healed. Another belief is that anyone falling from 
a baobab continues bouncing on the ground until dead unless immediately held 
down tightly (Dogoni 2005). 

At Dar es Salaam, close to the sea along Kenyatta Drive, there stands a baobab 
where many spirits are said to dwell. The trunk is studded with nails, some still 
holding folded scraps of paper bearing requests for relief or revenge; the writings 
are legible only to the spirits. A message for good things is written on a coconut, 
but one written on a rotten egg will bring a curse. A cleft in the trunk is filled with 
crushed eggshells! The tree is visited daily by at least ten traditional healers with 
their clients. Some come to have evil spirits removed; the healer passes a coconut 
around the head and limbs of the kneeling client, who then hurls the coconut onto 
a stone so that the evil spirits are released to the winds. Unmarried women come to 
the tree begging for a husband, while those who are married come to beg for peace 
in the household. Even government officials come to the tree, especially at election 
time (Vick 2001). 

The Chewa of southern Malawi protect their maize crop against witches by 
mixing the maize seed with dried and pounded baobab bark (Morris 1996). 

The Swahili of Malawi (Portuguese Nyasaland) have a story where Sadaka was 
given three tasks to perform before he could marry a princess. The final task was 
to cut through the trunk of a baobab with one stroke of his sword. That night Sadaka 
summoned the jinns who enlisted white ants to gnaw through the trunk, leaving 
only the bark. Meanwhile two jinns, making themselves invisible, held up the tree. 
The following day Sadaka smote the tree with his sword, severing the trunk. The 
jinns guided its fall less it might kill no one (Baker 1927). 

A famous baobab called Kondanamwali (the tree that eats maidens), grows in 
the Kafue National Park in Zambia. According to legend, this gigantic tree fell in 
love with four beautiful girls who lived under its shade. The tree became exceed- 
ingly jealous when the girls reached marriageable age and sought husbands. One 
night, a devastating thunderstorm rent the air as the old tree opened wide its trunk 
and engulfed the young maidens, who were never seen again. An observation plat- 
form with a tiny bedroom has been built above the trunk, and is reached by a long 
ladder. The herds of wild game and predatory lions below bring no terror to the 
watchers above, but the constant whimpers of the imprisoned maidens pounding 
maize make the watchers tremble with fear. 

Also in Zambia, a legendary python once lived in a large baobab near the 
Magoyi River. The local people used to worship this snake, and periodically 
offered prayers for rain, bounteous crops and successful hunting. These wishes 
were never refused. Then came the first white man, who shot the snake, bringing 
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disaster to the land. Even today the locals claim that on still dark nights the old 
baobab hisses distressfully (Cashel 1995). 

The Ва-Па tribe, inhabiting the Kafue river valley in Zambia, believe that 
anyone who eats the fruit of a baobab will be eaten by a crocodile. Elsewhere it 
is maintained that a draught of water in which seeds have been soaked will 
protect the person from such attention! From the Zambezi to the Limpopo it is 
believed that a boy must be bathed in an infusion of baobab bark and water in 
order to make him strong like the tree. But care is taken not to overdo the practice 
lest the child become obese; nor must any of the water touch his head lest it 
swells up (Verdoorn 1969; Owen 1970; Guy 1971; Palmer and Pitman 1972; 
Tredgold 1986; Cashel 1995). 

Another Zambian belief, from the Luangwa Valley, is that women should not eat 
baobab fruit while brewing beer lest the beer go sour (Gilkes 1933; Watt and 
Breyer-Brandwijk 1962; Roodt 1995). 

The Tonga people are believed to be the first of the Bantu people to settle in the 
Zambezi Valley some thousand years ago. They still retain some San (Bushman) 
characteristics and cultural affinities. They believe that the spirits of their ancestors 
dwell in baobabs and it is chiefly beside these baobabs that burial rites are per- 
formed (Kondor 19902). The construction of Kariba Dam in the 1950s meant that 
the villages belonging to the Batonga and Korekore clans upstream of the dam had 
to be evacuated and relocated. Many villagers refused to move because the spirits 
of their ancestors dwelled nearby. In one such village the spirits lived in a particular 
baobab. When a chief died and his spirit had returned to the family, a little 'spirit 
hut' was always erected near a baobab where a small pot of beer could be placed 
to enable people to talk to the chief. Each deceased chief had his own spirit hut, and 
this kept the tribal groups together and enabled them to consult their chiefs’ spirits 
when required. The evacuation problem was solved when the District Commissioner, 
Ivor Crockroft, cut off a branch from the offending tree and took it to a large 
baobab in the resettlement area. Leaning the branch against the tree he managed to 
convince the villagers that the spirits had now been transferred to the new ‘spirit 
baobab'. The villagers were reconciled and moved; offerings of small pots of beer 
were soon being placed in the little spirit huts by the new baobab as a sign of 
acceptance (Cashel 1995). 

Near the junction of the Sapi and Zambezi Rivers in Zimbabwe there is a sacred 
place where a spirit medium known as Mubaiwa used to pray for rain. A nearby 
sacred hollow baobab contained hoes, arrowheads and other objects affined to 
Chingombe, the Iron god. This tree is feared because it is said to contain the spirit 
of Murenga. Murenga was the sister of Mocho, and lived with her people at the 
mouth of the Sapi and on Chikwenya Island in the Zambezi River. On her death she 
was buried in this sacred baobab, together with her beer gourds, spears, etc., 
according to custom. This tree is known today as Mouya wa Murenga, or 
*Murenga's Baobab'. 

In the legend relating to “Chindzere’s Tree’ to the west of Mana Pools, two 
chiefs, Chidzere and Dandawa, followed each other into a new region near the 
Zambezi River in search of salt. Chidzere was the first to arrive and, after much 
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fighting, decided that both chiefs could not rule. He dramatically turned himself 
into a baobab, declaring: ‘My children, I am about to die by suffocation, but my 
flesh will not rot and become infested with worms, nor will it become of the soil.’ 
His family then departed across the river. Following this event, Dandawa’s life 
became a misery, with lions and hyenas plaguing his people and drought ruining 
their crops. Desperate, Dandawa held a divination in which their ancestral spirits, 
the midzimu, revealed that Chidzere’s spirit was angered because his people’s inal- 
ienable right to enjoy and share the land had been violated. To propitiate 
Chgidzere’s spirit, Dandawa begged Chidzere’s family to return and make an offer- 
ing to the tree. This done, the two groups were able to live and prosper together. 
A specially brewed beer and thin gruel are still regularly poured into pots at the 
base of the tree. 

Each year a descendent of Chidzere used to remove honey from a hollow in the 
trunk without the aid of smoke. In 1923 a local inhabitant decided to steal all the 
honey but no sooner had he entered the tree than he dropped dead, although he was 
not attacked by the bees (Kondor 1990a; Cashel 1995). 

Some of the earliest inhabitants of the Zambezi Valley were members of a tribe 
of renowned metal workers known as the Vambara. Their villages were invariably 
sited in the vicinity of baobabs and, according to legend, the Vambara were respon- 
sible for introducing the baobabs to the area. According to another legend, a hunter 
called Katsvete was extremely good with his bow and arrows, and he was in the 
habit of discharging his arrows across the Zambezi River. He used to announce his 
return from a hunting trip by shooting an arrow into the air, which would always 
land near his wife. It was believed that he obtained his Titanic strength from a cer- 
tain baobab. Like Chief Chidzere (see above) he one day turned himself into a 
baobab. Legend has it that another man called Mapfundematsva went mad when he 
tried to strip bark from this tree (Cashel 1995). 

Not all baobabs are sacred or socially significant, and the legend of ‘Sororo’s 
Tree’ in Mutoko District, Zimbabwe, is merely a horror story. While on a long 
journey, Sororo, his wife and three children took shelter for the night in a hollow 
baobab; they were all devoured by a marauding lion and never seen again. The 
engorged lion was tracked down and shot. The story was further embellished when, 
some months later, charms and an ornamental axe were found in the tree, giving 
rise to the rumour that a witch had taken up residence in the hollow trunk (Kondor 
1990a; Cashel 1995). It is also claimed that if a baobab is cut down, lions will visit 
the spot. There are reasonable grounds for such a belief, since the water stored in 
the wood could attract many wild beasts (Green 1974). 

Sambu, the great baobab of Nkayi near Simba School, is a squat, heavy-limbed 
baobab, some 2.6m in diameter. The tribal elders are said to have entered the trunk 
through a small opening and performed rituals therein during times of drought or 
pestilence, or to give thanks for a bountiful harvest, and to beat drums while they 
spoke to their ancestors. The baobab is held in such reverence and fear by the local 
inhabitants that even the numerous and readily available honeycombs are left 
untouched. According to tradition, if a hunted animal passed beneath its branches, 
the hunt had to be stopped immediately and, if necessary, a hunting dog killed to 
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preserve the life of the hunted animal. A Catholic priest recently obtained the con- 
sent of the local Chief to prohibit further rainmaking and other ceremonies from 
being held there on the grounds that God no longer lived inside the hollow trunk; 
nor, for that matter, did any of the ancestral spirits. As a result, no such rituals have 
been held there since the end of 1986, at least not overtly (Kondor 1990a; Mullin 
1991, 2002, 2003; Cashel 1995). 

Some 40km from Tsholotsho in Matabeleland, Zimbabwe, stands an isolated 
tree known as Mubuuydema or Mbudhema or the ‘Black Baobab of Tshitashawa’ 
because of its dark bark. It is an immense tree, 21.6m in circumference at breast 
height and 20m high, and much venerated by the local Ndebele and Kalanga peo- 
ples. According to Masili (Black Bushmen) belief, an animistic being or Shawa 
dwells in the tree — hence the shawa ending of Tshitashawa. Unlike other Shawa 
spirits this one, known by the Matabele name of Amadhlozi or *Hunter's Spirit’, is 
benign and brings the hunter good luck. Masili and Kalanga hunters, as well as 
tribesmen from other districts, travel long distances to offer gifts at the base of the 
tree in order to receive Amadhlozi’s bounty. Even the Ndebele, who now live in the 
area, acknowledge the power of Amadhlozi. Until recently gifts of food, tobacco, 
beads and even money were still being placed in the large hollow at the base of the 
tree. Extremely vicious African honeybees (Apis mellifera unicolor) dwell in a hol- 
low in the centre of the tree. Despite the presence of the benevolent Shawa, a 
Bushman once violated the taboo against climbing the baobab and removing the 
honey. Attacked by the bees he fell into the hollow and was stung to death. 
Eventually members of his clan cut a large hole below the hollow in order to gain 
access to the body, which, after the bees had been smoked, was removed. According 
to a later version of this story, the luckless Bushman’s body was not recovered and 
his spirit remains in the tree. Today the local people have overcome their awe of 
Amadhlozi and numerous wooden pegs have been driven into the trunk in order to 
give access to honey from the many swarms of bees that dwell in the Mbudhema 
of Tshitashawa (Mullin 1991, 2002, 2003; Cashel 1995). 

In Limpopo Province, South Africa, spirits are said to inhabit baobab flowers 
and а lion will eat anyone who plucks a flower. Within the hollow trunk of sacred 
baobab in the Limpopo Valley, an ancestral drum is said to beat out messages from 
the ancestors to the Vha Venda people. Seasonal ceremonies are held at the tree to 
thank the ancestors for their benevolence or to request favours (Scannell 2001). 

Duiwelskloof means ‘Devil’s Gorge’ or ‘Devil’s Cleft’ and, according to 
legend, the devil neatly cleft the massive trunk of the Duiwelskloof baobab in two 
(Pakenham 2004). 

The Bushmen of Botswana also believe that spirits dwell in baobab flowers and that 
a lion will devour him who plucks a flower, while other Bushmen maintain that such a 
person will be eaten by a tick (Tredgold 1986; Cashel 1995). Bushmen leave a morsel 
of honey for the honeyguide (Indicator indicator), the bird that led them to the honey, 
lest one day it will lead them to a lion or venomous snakes (Roodt 1995). 

Sorcerers of the Kwanyama Ovambos use the powdered baobab bark as a magic 
remedy for various complaints. The sorcerer takes a handful of the powder and marks 
the patient’s face and lips, then throws the powder to the east and west (Rodin 1985). 
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Polluting the environment in the vicinity of a baobab was taboo in northern 
Namibia. An ancient legend states that the polluter would be engulfed by a hollow 
baobab and could only be rescued by the mooing of a hornless black cow or the 
industrious activity of a workaholic woodpecker. The cow is extremely rare while 
the woodpecker bears a grudge against all human beings for destroying trees with- 
out consulting him; in any case he is too busy with other matters to bother about 
rescuing humans from an angry baobab. The baobab also has proctective powers. 
Its seeds are made into necklaces to protect children against some mysterious dis- 
ease (Mshigeni and Hangula 2001). 


1.4 The Baobab in India 


Historical evidence suggests that the baobab was introduced to India by the 
Arabs some 1,500 years ago, although the facts are often obscured by local 
mythology. For example, according to historical sources dating back to the 
14th century, the venerable baobab at Jhusi near Allalabad is variously known 
as the datum (the twig used as a toothbrush), or vilaiti imli (exotic tamarind). 
According to a local popular legend a Muslim saint, Makdum Dahib, after 
cleaning his teeth with a green twig, thrust the twig into the ground and the 
datum grew into a grotesque baobab. This tree is also known as Gorakh imli 
(Gorakh's tamarind) because Gorakhnath saved the ancient sacred site of 
Jhusi at Prayag from destruction by the mythical raja Harbong (Varmah and 
Vaid 1978). 

In folklore throughout Africa, the baobab is associated with water, fertility, 
birth, children and death. Vestiges of these associations recur in India, where it has 
been introduced. While there has been some blending with local Hindu ideas, it is 
sometimes possible to identify remnants of African fertility cults (Armstrong 
1979b). 

In parts of northern India the baobab is identified with the sacred parij[a]at, 
kalapbirchh or kalpa-vriksha, the ‘wishing tree’ of ancient Indian mythology. 
However, the drawings of the wishing tree are so highly stylised that no positive 
identification is possible, and Maheshwari (1971) considered the baobab to be a 
misidentification of the wishing tree. Indeed the baobab is not included in any 
ancient Indian floristic work, neither does it appear to have a Sanskrit name 
(Burton-Page 1969). 

At Kintur, near Barabanki, there is a sacred baobab known as parijaat. One 
Hindu folktale claims that Prince Arjun brought this tree from heaven and Kunti, 
mother of the Pandavas, after whom Kuntur was named, used to crown Shivji with 
its flowers. According to another story Lord Krishna brought this baobab for his 
beloved Queen Satyabhama. According to the Harivansh Puraan the parijaat is a 
type of kalpa-vriksh which, apart from the one at Kuntur, is to be found only in 
heaven, and whosoever makes a wish under the tree will have his wish granted 
(Anonymous 2004f). 
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Because often only a single baobab is present within a locality the local villagers 
tended to believe that it was the only one in the world and must, therefore, be the 
wishing tree. Thus, near Tilpat there was a baobab which the villagers firmly believed 
to be the only tree of its kind. It was known as kalpa-vriksha (Vaid 1964) kalp-briksh 
or kalapbirchh (Baden-Powell including Wilson 1878), the ‘wishing tree’. It is said 
that some 4,000 years ago when Kairo, one of the Pand Princes, conquered the coun- 
try, he brought the baobab and planted it. He also brought with him kamadhenu or 
“wishing cow’ and as long as the cow stayed with the tree, the tree would fulfil any 
wish made under its canopy. The cow died and the tree lost its power; the tree itself 
died in 1963 (Baden-Powell including Wilson 1878; Vaid 1964; Singh 2003). 

There is a similar belief among the people around Ajmer that the two 
ancient baobabs growing at nearby Mangliyawas are ‘the only trees of that 
kind in the world’. Every year during Sravana (Sravana is the 5th month in 
the Hindu calendar and is devoted to the worship of Shiva, the god of destruc- 
tion and reproduction), on the night of the new moon (Amavasya), an exten- 
sive fair is held, during which the trees, regarded as ‘wishing trees’, are 
worshipped. Devotees tie a thread around the tree in the hope that their 
wishes will be granted. At one such festival two saplings were planted as a 
gift to the people and these too have become objects of veneration (Vaid and 
Vaid 1978; Sanyal 2005, personal communication; Ajmer Tours 2006). 

In the Sondhwar area of Jhalawar district, the rural people call the baobab 
mansapooram (one who fulfills expectations). After praying for a boon, a suppli- 
cant ties a small stone to a sacred red tag (lachha), which is attached to the tree; it 
is removed after the request has been granted (Sharma 2004). 

In the Kutch district of Gujarat, baobab flowers are offered to Lord Shiva, the 
Hindu god of destruction and reproduction (Joshi et al. 2004). 

Parents visit the sacred baobab at Panvel and tie threads to the tree, hoping that 
this will prevent such childhood ailments as whooping cough. Women also visit the 
tree on Thursdays to pray for children. 

In the Girnar foothills, near Junagadh, a person who fractures a bone vows to worship 
the baobab and ties a wooden carving in the shape of the fractured bone to the tree. After 
the fracture has healed the tree is again worshipped (Reddy et al. 2002a, b; Nair 2004). 

In Tamil Nadu, the island town of Rameswaram is famous for its ancient temple 
and eight baobabs. One of the baobabs lies prostrate, toppled by a tornado but con- 
tinuing to flourish. Serpent-stones have been placed around the tree by adherents of 
a tree and serpent cult, while its fruits are offered at a nearby shrine. Another 
baobab is held in such high esteem that at the time of its annual worship devotees 
come from nearby Sri Lanka (Vaid 1978b). 


1.5 Baobab Floral Calendars 


The nocturnal blossoming of the baobab, coupled with the flowering of Delonix 
elata, is used by the Mbeere in Kenya as a weather indicator for the start of the long 
rains in March-April and for planting crops (Riley and Brokensha 1988). 
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In India it is believed that the tree starts bearing new foliage a week to 10 days 
before the start of the monsoon rains (Reddy 2002a). 


2 Malagasy Baobabs 


The Malagasy baobabs, like their African cousin, are inhabited by spirits. Passing 
villagers place grass at the base of a tree as an offering to those night spirits who 
use the baobab as their daytime retreat. In northern Madagascar it is customary to 
embrace, or attempt to embrace, the baobab’s trunk (Burt 1996). 


2.1 Adansonia grandidieri 


Due to its spectacular appearance this tree is the focus of superstitions and folklore. 
Individual trees are often considered the dwelling places of spirits. Offerings are placed 
at the foot of such trees; these include grains or other food items for a good harvest, 
money for fortune and rum for general prayers and fertility. Giant land snail shells 
arranged at the foot of a tree, repositories for rum offerings, indicate its sacred status 
(Baum 1995b). 

Some baobabs may be held sacrosanct as the totem or spiritual home of people's 
ancestors, who are deeply venerated by most Malagasy tribal groups. Whole sectors 
of forest around such trees are considered fady (taboo) for hunting activities, reliev- 
ing the bladder or bowels, by the Mikea, who depend on the forest for their subsist- 
ence. A spectacular multi-stemmed baobab was regarded as the most sacred by the 
Vorehe and the telephone wire to the local mission had to take a wide detour around 
the tree (Bond 2003, personal communication). 


2.2 Adansonia rubrostipa 


To please their ancestors the local Sakalava place a shell filled with rum in a natural 
notch in the trunk of a particular baobab in the Kirindy forest. The tree is sacred and 
touching it is fady. Near the village of Soamanitsa local people take the umbilical cord 
of newborn babies to a field behind a sacred baobab for a blessing from the ancestors 
(Bradt 1997). 

Not far from Morondava, near the turnoff from the main road to Belo sur Tsiribihiha, 
stands a sacred baobab, ‘l’ Arbre Sacré’, dedicated to a woman medium or healer who 
was unable to pass on her powers to an heir because her only child, a son, was a 
Christian and rejected traditional beliefs. She is buried under the baobab with her 
amulets and thus the tree became her heir and assumed her powers. People now visit 
the tree to ask for good crops, a son or the healing of an ailment (Bradt 2002). 

According to legend, the Arbre Sacré was once married to Jacqueline (see Chapter 2) 
and, after they were divorced, the Arbre Sacré moved to its present position. Another 
and more recent myth concerns a soldier who lay down and fell asleep under the tree 
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known as ‘Jacqueline’. He dreamed of the beautiful girl Jacqueline, and when he awoke 
he was in love with her and her incarnation in the tree (Lowe 2004, personal 
communication). 

The hunter-gatherer Mikea of south-west Madagascar have sacred trees known as 
hazofaly (hazo = tree, faly = taboo) in which their ancestral spirits (koko) live. Such 
trees are usually A. rubrostipa (syn. A. fony) or Tamarindus indica (Stiles 1998). 


2.3 Adansonia madagascariensis 


The interior of a large, hollow specimen near the village of Ampanihy-Ouest is fre- 
quented by fruit bats and, for reasons unknown, is avoided by the local inhabitants, 
especially at night (Hardy and LaFon 1982). 


3 Adansonia gregorii in Australia 


Some Europeans in the Kimberley claim that aboriginal people have a myth about 
the boab (or baobab) similar to the story of the ‘upside-down tree’ (e.g. Jones 
1976). However, there is no authentic record of such a myth, which has almost cer- 
tainly been introduced and spread by Europeans who have heard the African story 
(Kim Akerman 1997, personal communication to Pat Lowe). Indeed, Aboriginal 
stories from within the area where the species is distributed are of a quite different 
nature, and usually apply to individual specimens rather than to the species as a 
whole. Furthermore, since there is no concept of a god in indigenous folklore, the 
notion of an angry god inverting the tree lacks the ring of authenticity. The picture 
is further complicated by the fact that some younger Aboriginal people living in 
towns and alienated from their traditons, hear and repeat the introduced story. 

The religious life of the Aborigines centres on ‘the Dreaming’ or ‘Dreamtime’, 
the period in which the world was created, from which the spiritual, natural and 
moral order of the cosmos arise. While there is no concept of a god in indigenous 
folklore, there are many creator or powerful beings whose actions were immortal- 
ised as features in the landscapes. 

Thus, coastal Aborigines believe that in the beginning, when the earth emerged from 
the sea, the creative beings imprinted their tracks on the still-moist land to form hills, 
valleys and rivers. Desert Aborigines also perceive their ancestors’ deeds in the land- 
scape, as hills and rocks, which retain the form of the beings themselves, or waterholes 
into which they were transformed, and which they still inhabit as water serpents. 

The Tariyal (red-tailed black cockatoo, Calyptorhynchus banksii) brothers are 
powerful magic men. They tore up a boab by the roots before they attempted to 
remove a magical stake that had pierced the foot of their mother’s brother. When 
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they had extracted the stake the bloody flux discharging from the infected wound 
sprayed forth and coloured all the watching bird-folk. Prior to this the birds had no 
coloured plumage. The stake permanently crippled the eagle, which is why eagles 
today have a hobbling gait (Crawford 1968). 

At the entrance to Galvan Gorge in the Phillips Range, Western Australia, is a boab 
tree that represents the bones of Omaling, the king brown snake (Pseudechis australis), 
that had travelled there in the Dreaming (Akerman 2005, personal communication). 

Dreaming stories tell of the activities and epic deeds of these supernatural beings 
and creator ancestors, who were of giant stature and usually had a basic human 
shape, although they were often capable of changing shape at will. They include 
what Europeans commonly refer to as Rainbow Serpents, which are found all over 
Australia and their more local manifestation as snakes, such as Ungkud, the Great 
Python in the Kimberley, responsible for storms and lightning. Carvings of 
Rainbow Serpents are still to be found on several baobabs. Others carry drawings 
and geometric patterns of mythological significance not always understood by 
present-day Aborigines. Some marked boabs hold secrets, to be understood only by 
Aboriginal people with certain knowledge and status (Crawford 1968). 

Another supernatural being is Wulujapi, the Black-Headed Python (Aspidites 
melanocephalus) of the Yarralin people of the Victoria River Valley. The python, in the 
shape of a woman, carried the seeds of many plants, including boabs, in her coolamon 
(carved wooden dish), which she distributed as she travelled through the Northern 
Territory. The local people believe some big trees mark the track where she walked; 
today they mark the southern boundary of the boab distribution on the eastern side of 
Jasper Gorge. 

Some boabs represent Walujapi and are sacred to the Yarralin people. They 
embody dangerous powers. Someone intending to harm another person would draw 
an effigy of his victim in the bark of a boab trunk, name it and then sing a malevo- 
lent song. As a result of this sorcery, the victim, usually a person who had broken 
a taboo, would blow up like a balloon, i.e. a boab tree. Provided the victim is identi- 
fied in time, the the drawing erased and suitable ceremonies carried out, the victim 
may recover (Crawford 1968; Caruana 1993; Rose 1994, 2000). 

Some groups of Kimberley Aborigines also recognise cloud spirits, the Wandjina or 
Wonjuna, capable of taking on human form, who control the elements and maintain 
fertility in humans and other species. The most famous of the Wandjina legends con- 
cerns Wodjin, his band of Wandjinas and the Tunbai massacre’. Two boys were playing 
with the bird Tumbi, which they mistakenly believed to be a honeyeater (Melliphagidae). 
They severely mutilated and then mocked the bird, throwing him into the air and telling 
him to fly when he had no feathers and had been blinded. He fell to the ground and then 
suddenly flew away. But Tumbi was an owl (Ninox sp.), the son of a Wandjina. He went 
to Inanunga, the Wandjina in the sky and complained. The Wandjinas under Wodjin 
found the people at Tunbai, attacked and slaughtered them. The two boys escaped the 
massacre and ran away, chased by the Wandjina. They hid within a slit in the trunk of 
a boab, but the boab was really a Wandjina and as soon as they were inside the slit 
closed and they were crushed (Crawford 1968). 
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There is a legend that the gods conferred immortality upon the baobab, implying 
that they never die of old age but are killed by natural events such as fire or 
lightning, or by an act of man (Hill 1940). 

It is inadvisable to break off a flowering boab branch. To do so is to invite a powerful 
wind, with rain and lightning, which will seek out the offender in revenge for the flower 
destroyed. This is similar to the African belief that a lion will kill the offender. 

A West-Kimberley myth concerns a lecherous, anthropomorphic, tree figure who 
travelled through the Kimberley in the time of the creation. His exploits are recorded 
in the form of a particular boab tree, familiar to local people, not far off the road to 
Looma. It is immortalised by the enormous erection the tree produced at the sight of 
four girls whose path he crossed and chased through the bush. In recent years some- 
body has chopped off the offending phallic protuberance with an axe. It is now not 
only foreshortened but scarred along the still substantial shaft (Lowe 1998). 

A traditional story tells of a giant wedge-tailed eagle (Aquila audax) that preyed 
on infant human beings and terrorised the people of several language groups (the 
wedge-tail is the world’s largest eagle, with a 2.2m wingspan). This particular 
eagle had her nest in a boab tree. Eventually she was killed by two boys, who also 
broke her eggs. The boys later became the owl and the ‘sandbird’ (Nangan and 
Edwards 1976). The sandbird is a nightjar, two species of which, the spotted night- 
jar, (Eurostopodus argus) and the Australian owlet-nightjar (Aegotheles cristatus) 
are common in the Kimberley region and are primary moiety totems in the northern 
and central Kimberley (Akerman 2005, personal communication). 

Another story from the Northern Territory tells how two brolgas or Australian 
cranes (Grus rubicunda) sucked all the water from the rivers, creeks, water holes 
and billabongs, and put it into a boab tree. The other animals went looking for 
water, and it was the sand frog (Heioporus psammophilus) who found the tree. He 
threw a spear and pierced the trunk, the water gushed out and refilled the creeks. 
Then all the animals rejoiced (Lowe 1998). 

The women from Warmun community at Turkey Creek, Western Australia, 
believe that if a baby’s placenta is buried under a boab tree the child will grow tall 
and strong like the tree, and will never go thirsty because of the water contained in 
the boab’s trunk. Another belief, from Kununurra, is that if a child can hug a boab 
it will grow up big and strong. This belief that children acquire strength from the 
tree is shared by people in South Africa who add bark to a baby’s bathwater so that 
it may grow up big and strong. 

The Kimberley Aborigines use string from boab bark to make ceremonial 
crosses. The string is woven round the four arms of a stick cross to form a sort of 
tapestry or mat. A man carries such a cross and men and women follow him in 
dance formation (Lowe 1998). 

*Gregory's Tree’, near Timber Creek, on the banks of the Victoria River, is of 
special significance to the local Ngaringman people and is registered as a sacred 
site (Northern Territory Government (2000b). 


3.1 Boab Floral Calendar 


Three weeks after the first baob buds start to appear, anytime from October to 
December, the rainy season will begin (McKinlay 2000; Johnson et al. 2002). 


Chapter 4 
Food and Fodder 


The baobabs are trees of considerable importance in local economies (see 
Appendix 2). Their use as food and drink for human beings and feed for livestock 
will be discussed here, their nutritional values in Appendix 3, and medicinal and 
other uses in Chapters 5 and 6. 


1 Food and Drink 


Palaeoanthropologists investigating the Plio-Pleistocene diet of Oldowan hominids 
consider that valid dietary comparisons can be made with present-day hunter-gatherers 
whose habitats also overlap with those of non-human primates. They speculate that the 
fruit and seeds of A. digitata may well have been among the important dry-season 
foods of hominids some 2 million years ago (Plummer 2004). The baobab is still an 
important source of human nutrition today. 


1.1 Wood 


The sap obtained by an incision into the wood of A. madagascariensis is good to 
drink (Baron 1889). 

In times of emergencies the fibrous wood from the trunk and branches of 
A. gregorii may be boiled and eaten by Australian Aboriginals (Brock 1988). 


1.2 Bark 


The bark of A. digitata contains a quantity of edible, insoluble, acidic, tragacanth- 
like gum and in Senegal the starchy deposit between the fibres is considered edible 
(Rein 1911; Howes 1949; Irvine 1952a; FAO 1988). The bark is thought by the 
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Fulani of north-eastern Nigeria to produce weight gain in infants (Lockett and 
Grivetti 2000). In India the bark is eaten as a famine food (Agarwal 1983). 

The mucilage exuding from damaged wood of A. gregorii is eaten by Australian 
Aborigines (Saville-Kent 1897); diluted it is made into a drink (Grey 1841; Gardner 
1923; Cherikoff and Isaacs 1991). The botanist Tim Willing has only seen the 
mucilage on trees that have been severely injured, and conjectures that it is only 
produced when the injury penetrates through the thickness of the bark to the wood 
(Lowe 1998). 


1.3 Roots 


The roots of young seedling and saplings of A. digitata (Plate 5) are widely cooked 
and eaten, especially in times of famine (Dalziel 1937; Irvine 1952; Adam 1962; 
Szolnoki 1985; Kabuye 1986; Maundu et al. 1999). In Sierra Leone the Themne 
claim that a root-decoction taken with food causes obesity, hence their vernacular 
name for the tree of an-derebai, the chief’s body (Deighton 2759, Herb. Kew). 

The tuberous tap roots of A. grandidieri, A. madagascariensis, A. rubrostipa and 
A. za seedlings are eaten in Madagascar, especially in times of food shortage, and 
reportedly make an excellent vegetable (Bois 1928; Perrier de la Bathie 1952b, 
1953; Cabanis et al. 1970; Du Puy 1996b). 

The roots from young trees of A. gregorii are also edible. They are relatively 
shallow and can be quite easily unearthed and exposed. The taproot of a very young 
tree is cut and a segment removed. This does not appear to harm the tree provided 
it is left in place and not uprooted altogether. The roots of even smaller trees may 
be eaten whole. With the bark peeled off, the young root is eaten either raw or 
lightly cooked in the coals, and has the texture of a carrot. In the past people would 
collect enough roots to feed their families (Lowe 1998). Preliminary trials have 
demonstrated a potential gourmet market for seedling roots grown under cultiva- 
tion They can be served with other Kimberley products, such as barramundi or 
lungfish (Neoceratodus forsteri, the spotted boneytongue (Scleropages leichardtii), 
or the crayfish known as red claw (Cherax quadricarinatus). The seedling shoots 
also provide an excellent green accompaniment (Green 2001; Johnson et al. 2002, 2006). 
Aborigines may also obtain moisture by chewing the roots (Boland et al. 1985). 


1.4 Leaves 


For much of Africa the young shoots and leaves of A. digitata provide a tasty spinach- 
like vegetable. However, depending on the indumentum, crude fibre and mineral con- 
tent, and taste, the desirability of the leaves is reported to differ from tree to tree and 
that the leaves from some trees are not eaten. For example, in Mali the leaves of a 
morphotype with a black bark, known in Bambara as sira moloni, is well liked and 
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eaten as a vegetable. Two forms are recognised by the Hausa in Zaria, northern Nigeria 
jar kuka and maiwa, although the distinctions between them are not recorded. 

Glabrous leaves are preferred, while tomentose leaves are generally considered 
unsuitable. In some areas the branches of trees with glabrous leaves are pollarded 
to prevent flowering and thereby ensure an abundant source of tender young leaves, 
while trees with coarser, tomentose leaves are left to supply fruit. In northern 
Nigeria, the first leaves are said to be unfit to eat until they have been washed by 
the first rains (perhaps to remove the dust carried by the Harmattan winds?). The 
leaves can be made edible and any stomach troubles cured if water that has been 
filtered through the ash from burnt pods is added to the leaf-sauce while it is being 
cooked (Monteiro 1875; Chevalier 1913; Dalziel 1937; William 1949; Oliver 1958; 
Wild 1961; Williamson 1975; Wickens 1979b, 1982a; Burkill 1985; Maydell 1986; 
Asfaw and Tadesse 2001). 

In Mali the women traditionally begin harvesting leaves at the start of the rainy 
season. Men undertake the big harvest at the end of the season, after the main work 
in the fields has finished. They climb the trees and harvest the leaves with a sickle 
or dole (a hooked knife attached to a pole), or by hand (Sidibé and Williams 2002). 
In Burkina Faso the young leaves are available from May to July. They are col- 
lected and immediately dried and stored, ready for use from January to April, when 
itis more difficult to find soup vegetables (Lamien et al. 1996). The women harvest 
the leaves at a time when they are already busy in the fields with annual crops. 
Recent research in Mali has demonstrated the possibility of sowing seeds in small 
plots and harvesting the young leaves after 4 weeks (Niang 2003). See Chapter 11 
for further discussion. 

The dried and pulverised leaves are known throughout much of West Africa as 
lalo, and are used as a thickening and flavouring agent, especially in sauces and 
soups, and with cereals. A survey in northern Nigeria showed that the baobab 
leaves represent 2-3% wet weight of the soup. In Senegal and Ghana а lalo soup is 
fed to the children when they are being weaned. 

In The Gambia soupa lalo is prepared from fresh ground baobab leaves, chopped 
meat, smoked fish, onions, okra (Abelmoschus esculentus), fruit pulp of tulingo 
(Parkia biglobosa), hot peppers (Capsicum annuum) and palm oil (Elaeis guineensis). 
The meat and vegetables are boiled for 2h, then the baobab leaves and fish are 
added and the mixture is boiled with the palm oil until the liquid has completely 
evaporated. More fish and oil are added and the food is stewed for another hour. 
The dish is then eaten with futo (porridge made from millet, Pennisetum glaucum) 
or maize flour seasoned wih /alo, millet or rice. The powder sifted from the /alo is 
also mixed with cooked couscous. 

The Goumantché people of Niger prepare a similar leaf sauce known as tipinti 
from soumbala, the fermented seeds of Parkia biglobosa, salt, peppers and baobab 
leaves, to which water is added. The Hausa-speaking peoples and Fulani of northern 
Nigeria boil the ground leaves (or fruit) in salt water for a staple soup, known as 
miyar kuka. This is then used as a sauce to accompany cereal dishes prepared from 
millet, guineacorn (Sorghum bicolor) and finger millet (Eleusine coracana). The 
young leaves are similarly used in The Gambia to make a sauce. First the stalks and 
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hard midribs are removed, the leaves are then chopped and boiled in a little water; 
salt and peppers and dried or smoked fish are added with the addition of palm oil, 
the sauce is ready to be eaten with rice. 

The mucilage in the leaves imparts a slimy consistency to local soups and stews. 
Such soups are particularly popular in West Africa as a weaning food. The green 
and viscous sauce made from boiled baobab leaves or fruit pulp is also used by the 
Dogan of Mali to flavour millet porridge, although the lemony flavour of the tamarind 
fruit (Tamarindus indica), when in season, appears to be preferred. The young 
baobab leaves are also cooked as a vegetable, rather like spinach; scraped and finely 
ground baobab seeds may be added to provide additional flavouring. In western Sudan 
a salad is prepared from fresh baobab leaves and groundnuts (Adanson 1763; 
Oliver 1960; Nicol 1957; Adam 1962; Watt and Breyer-Brandwijk 1962; Owen 
1970; Woolfe et al. 1977; Nachtigal 1980; Pern 1982; Andy and Eka 1985; Szolnoki 
1985; Becker 1986; Ghani and Agbejule 1986; Tredgold 1986; Yazzie et al. 1994; 
Bella et al. 2002). In India, the fishermen of Gujarat eat baobab leaves with their 
food and consider them ‘cooling’ (Watt 1885). The Malagasy eat the young leaves 
of A. grandidieri (FAO 1988). 

In Tanzania baobab leaves are used to hasten fermentation in wine making 
(Storrs 1982). 

“Tea bags’ of dried powdered leaves for tisanes are now available in the health 
shops of Europe from the Rome-based Baobab Fruit Company. 

The leaves of A. gregorii are eaten by Australian Aborigines. They are a nutri- 
tious green vegetable but are best when young, fresh and have a nutty flavour as 
the fully developed leaves have a slightly bitter taste (Saville-Kent 1897; Armstrong 
1983; Boland et al. 1985; Lowe 1998; Heaver 2004). 

The young leaves obtained from seedlings produced as a root vegetable have a 
characteristic nutty flavour and crisp texture and would appear to have a great 
potential as a salad vegetable and as a garnish (Johnson et al. 2002). 


1.5 Flowers 


In Burkina Faso and elsewhere the flowers of A. digitata are eaten raw, or used to 
flavour drinks. In Namibia the herd boys seek out the nectar (Toutain 1978; 
Mshigeni and Hangula 2001; Gebauer et al. 20022). 

A refreshing drink can be made from the flowers of A. gregorii stirred with sugar, 
which can also be fermented to produce an alcoholic drink (Hill 1940; Heaver 2004). 


1.6 Fruit 


The fruits are also an import source of food and medicine. The baobab is even 
cultivated in Java for its fruits (Verheij and Coronel 1991). 
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Table 1 The composition of Adansonia digitata fruits. (From Nicol 1957; Gruenwald and Galizia 
2005.) 


Nigeria! Southern Tambacumba 

mean weight (g) ^ Range (g) Africa? (%) Senegal" (%) 
Whole fruit 462 341-554 - - 
Capsule 203 156-249 45.5 48 
Seeds + fibres (dry) 165 114-210 38.0 40 
Pulp 20.8? 18.1-23.1? 16.5 12 
Ratio of pulp to fruit 0.21 0.19-0.22 = = 


' Average of 6 fruits; "Oven-dried (%); *PhytoTrade Africa; “Baobab Fruit Company. 


Harvesting the fruit from tall, often bottle-shaped trees is difficult and pegs 
driven deep into the trunk to form a ladder — the same method is used to gain 
access to beehives in Africa, Madagascar and Australia. Alternatively, in both 
Madagascar and Australia, niches may be cut into bark to provide hand- and 
footholds. Neither method is a very satisfactory way to reach fruit on long 
branches. The fruits may also be harvested by being knockedto the ground 
with throwing sticks, boomerangs or stones. This method has the advantage 
of prolonging the harvesting period but does have the disadvantage of unripe 
fruit being knocked down. In practice, most of the fruits are harvested after 
they have fallen, hopefully before predatory fauna have attacked the fruit 
(Stow 1905; Basedow 1918; Marshall 1976; Lee 1979; Rashford 1986; Lowe 
1998). 

The average composition of A. digitata fruits is shown in Table 1. 


1.6.1 Fruit Pulp 


The fruit pulp of A. digitata has a sourish, refreshing taste and can readily be made 
into gruel with water or milk, either alone or with millet; it is added to sauces, soups 
and drinks. However, in Kenya it is alleged that eating too much baobab pulp rela- 
tive to other foods will cause weakness and swelling of the joints, while the 
Vasekele of Namibia claim that eating too much of the raw pulp is fattening (Leger 
1977; Maundu et al. 1999). 

The palatability of the pulp (and seeds) can be judged by the story quoted by 
Rashford (1987) from the boys' school of the Convent of Mercy Academy, 'Alpha', 
in Kingston, Jamaica. The pupils are so avid for the fresh fruit that *to save the zinc 
roof of the building the boys would climb on to get at the fruits, almost a third of 
the tree's crown was chopped off’. 

In the Ivory Coast the pulp is eaten, either raw or cooked (Ambé 2001). In northern 
Nigeria the pulp is removed from the fibrous funicles by kneading in cold water and 
passing the emulsion through a sieve to extract a white or yellowish white fluid 
(Hausa gubdi). This is used by the Hausa to dilute the thick sorghum dough after it 
has been cooked to make a thin gruel known as kuni. Gubdi, supplemented with 
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hungry rice (Digitaria exilis) flour, is used as a milk substitute for babies. The pulp 
flour is also fed to babies in Kenya when they are being weaned. 

In South Africa the Bantu boil the pulp with partially fermented maize meal to 
make an acid porridge, while the hunter and gatherer Bushmen of Botswana and 
Namibia make porridge without the addition of maize meal (Stow 1905; Nicol 
1957; Adam 1962; Busson 1965; De Winter et al. 1966; Weiss 1979; Tredgold 
1986; Obizoba and Anyika 1994). 

The Wolofs of Senegal make a dish known as ngalakh, which is prepared from 
baobab pulp mixed with millet and groundnuts and eaten by Catholics on Good 
Friday. They also make a drink known as ndiambdne by mixing the pulp with sugar 
and water. In Burkina Faso the pulp may be sucked as a snack food or ground into 
flour and used in fruit juice or added to couscous. In The Gambia the pulp is eaten 
raw as a food, sucked to assuage thirst, used as an appetiser and in a number of 
sauces. Ginee jobe is prepared from pounded pulp and groundnuts to which boiling 
water is added; after stirring well, the mixture is passed through a coarse sieve and 
sweetened with sugar and eaten with boiled coos carrau (fruit pulp of Parkia 
biglobosa). A sweet sauce known as njinjob is similarly made using roasted 
groundnuts. 

In southern Africa the acid pulp is sometimes used as a substitute for cream of 
tartar as a raising agent in baking, hence the Afrikaans common name for the 
baobab tree kremetartboom. South African forces serving in the East African 
Campaign during World War I also used the pith as a raising agent (Bolton 1949; 
Mogg 1950; Nicol 1957; Williamson 1975; Nachtigal 1980; Szolnoki 1985; 
Tredgold 1986; Killick 1988; Bugul 1991; Roodt 1995; Lamien et al. 1996). 

The Hadza are a tribe of hunters and gatherers from the Lake Eyasi area of 
northern Tanzania. They extract the pulp and seeds from the pods and pound them 
with a stone. They use a dried animal hide to winnow the ground seeds to remove 
the seed coats from the flour. The mixture of pounded seeds and pulp is then 
cooked to make a tasty porridge. Eaten by all, it is especially valued as an infant 
food. Both the pulp and kernels may be eaten raw, either dry or mixed with water 
(Woodburn 1970; Murray et al. 2001). 

The Shambaa of the Usambara Mountains, Tanzania use baobab fruit pulp 
together with the fruits of the sausage tree (Kigelia aethiopum) and the wild olive 
(Olea europea subsp. cuspidate, syn. O. chrysophylla) as a fermenting agent for 
sugar cane juice. This concoction is reputed to produce an alcoholic beverage with 
7% alcohol content in 24h. The brew is regarded as very important for marriage 
ceremonies and cooperative work groups as well as being a valuable source of 
income for the cane growers. 

The Sandawe of Kondoa District boil the seeds and pulp until all the pulp is free 
of seeds. When cool the white liquid makes a refreshing drink, either alone or with 
sugar and milk. If left, the liquid will soon ferment. The addition of yeast and malt 
flour will increase the potency of the brew (Fleuret 1980; Nkana and Iddi in 
Johansson 1999). 

In Africa and India chunks of dried pulp with the seeds embedded in it are com- 
monly sold as children's sweets. In the coastal towns of Kenya they are even 
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sugar-coated and dyed bright colours. In Mombasa, the seeds are packed into 
plastic tubes for marketing (Karmann and Lorbach 1996; Maundu et al. 1999; 
Owen 1999; Reddy et al. 2002a, b); they are also processed locally in Nigeria 
as sweets. 

When pressed, or dried and pounded, the spongy, farinaceous white fruit pulp 
added to water or milk makes a refreshing drink with an agreeable lemonade fla- 
vour, to which sugar may also be added. In the opinion of Baumer (1975) the pulp 
from East Africa has a better flavour than that from West Africa. The scraped and 
pounded seeds mixed with fruit pulp and then boiled with water are also used in 
Malawi to make a sweet, milky drink. The milky solution resulting from soaking 
the pulp in water may be drunk as a milk substitute. Fulani herdsmen use the solu- 
tion to adulterate milk sold to the Kaura farmers, for whom milk is a popular drink. 
The similarity of the specific gravity of the unadulterated and adulterated milk is 
said to make the scam difficult to spot. However, other pastoral tribes in West Africa, 
Zanzibar and Tanzania are reported to use the pulp to curdle milk, which casts doubt on 
its use to adulterate milk (Speke 1863; Broun and Massey 1929; Dalziel 1937; Williams 
1949; Nicol 1957; Pernet 1957; Wild 1961; Adam 1962; Owen 1970; Sweeney 1973; 
Beltrame 1974; Williamson 1975; Burkill 1985; Szolnoki 1985; Maydell 1986; Nkana 
and Iddi 1994 in Johansson 1999). 

The pulp is considered suitable for processing as a concentrate for the soft drinks 
industry; commercial baobab fruit juices are already available in Malawi and The 
Gambia for local consumption. Ice cream may also be made from the pulp. The Baobab 
Fruit Company has prepared sachets of powdered pulp ready for mixing with milk or 
sweetened water, and these are now obtainable from the health food shops of Europe; 
pulp tablets are also available for chewing. 

It should be noted that the pulp deteriorates rapidly when exposed even for a 
short period of time to humidity, even within the pod. The addition of sodium 
metabisulphite has been found to be an effective antioxidant, arresting the deterio- 
ration of ascorbic and other acids from the effects of heat and light in both the 
powdered pulp and the aqueous extract. While the pulp can be safely stored at room 
temperature, prepared soft drinks should be stored at 10°C (Ibiyemi et al. 1988). 

In India the pulp is also used to make a refreshing drink. It may be used as a 
substitute for tamarind in cooking, while in Sri Lanka the pulp is eaten with buffalo 
milk and sugar (Brandis 1874; Watt 1885; Trimen 1893; Karandikar et al. 1965; 
Reddy et al. 2002a, b). 

In Jamaica the pulp and seeds are eaten and in the smaller Caribbean island of 
St. Croix the pulp is made into a drink (Rashford 1987). 

The pulp of the Malagasy baobabs may be eaten either dry or mixed with water. 
The fruits of A. rubrostipa are sometimes sold in the Toliara market. The fruits 
of A. grandidieri are considered to have the best flavour, while the hard dry fruits of 
A. madagascariensis are said to be the least palatable of all the baobab fruits; the 
pulp of A. za is edible but rapidly becomes tasteless and termites soon mine any 
fallen fruit (Baum 1995b; Du Puy 1996b; Stiles 1998). 

Australian Aborigines chew the dry acidulous pulp and seeds of A. gregorii; the 
pulp is said to have a not unpleasant flavour and a consistency of a solid composite 
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of powdered milk and cream of tartar. The pulp and seeds may also be made into a 
kind of bread. Old, dry pulp is often soaked in water with a little sugar added to 
make a thirst-quenching drink (Bennett 1860; Jackson 1868; Black 1889; Fitzgerald 
1918; Gardner 1923; Macmillan 1954; Jones 1976; Armstrong 1983; Brock 1988; 
Smith et al. 1993). 

The pulp, which has the texture of Styrofoam, is mouth drying and flavourless 
at first bite, and tastes acidic when chewed. The pulp may be eaten straight out of 
the shell of the pod or after soaking the pulp in sweetened water. In earlier times it 
was sweetened with honey, more recently with sugar. Sometimes the pulp would 
be crushed in water and the solution drunk as a cordial. According to connoisseurs 
the pulp can vary considerably in sweetness. Now that carbonated drinks have 
become so popular and readily available many members of the younger generation 
have never sampled boab juice. 

While the pulp from ripe fruit whose shells have turned brown may be extracted 
and eaten raw, that from green fruit can be eaten either raw or cooked. Gribble 
(1932) even goes so far as to state the fruit must be picked when still green, before 
the seeds become hard and the pulp tart. Unripe fruits are picked from the still-leafy 
trees, and baked in the ground for about half an hour with hot coals (Cherikoff and 
Isaacs 1991; Lowe 1998). 

Like South Africans, Australian bushmen use the mucilaginous pulp from unripe 
boab fruits as a substitute for baking powder when making dampers (Basedow 
1918). 

In the Kimberley region the restaurants serve tasty fish dishes, such as barramundi 
(Neoceratodus fosteri) or spotted boneytongue (Scleropages leichhardtdii) cooked 
in boab pulp and garnished with toasted boab seeds. Milk, white and dark boab 
chocolate flavoured with the fruit pulp is also being marketed, while fruit pulp 
boiled in water makes a refreshing tea (Nekrasov 2001). 


1.6.2 Seeds 


The seeds of A. digitata have a relatively thick, about 0.1 mm, reddish-black seed 
coat that is not easily separated from the kernel. The kernels are eaten fresh, roasted or 
dried; difficulties in decorticating limit their usefulness, although the kernel and the 
seed coat (husk) can be separated by parching and crushing. The seeds are then 
winnowed to remove the husk and other detritus. Because winnowing is rarely 
mentioned in the literature, it is not always clear whether ‘seed’ refers to the kernel 
with or without the husk. 

The kernels have a pleasant almond-like flavour; those of A. digitata were some- 
times used in French colonial Africa to make ‘gâteaux aux amandes’ (Chevalier 
1923; Irvine 1961; Engelter and Wehmeyer 1970). Keraudren (1963) reported that 
seeds of A. grandidieri were exported to England in the 1900s and used to make small 
dry teacakes. Unfortunately it has not been possible to confirm this statement. 

The seeds may be processed for eating by soaking, roasting, prolonged boiling, 
or fermenting and drying, then pounding, crushing or grinding to produce a fine or 
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coarse meal. Fermenting for 6 days results in a better protein content than roasting. 
The meal may be used alone or added to millet or groundnut dishes, as well as for 
flavouring cereal porridge, and to make drinks. The Tenda of Senegal prepare 
gruel from pounded baobab seeds, the flours of millet and fonio (Digitaria exilis), 
angunwul (Sorghum bicolor) and water. In Ghana the seeds may be fried and 
pounded with hot water into dough, which is left to ferment for 2—10 days before 
being shaped into small balls, known as katong balls and dried. Cakes of fermented 
seeds, together with those of kapok (Ceiba pentandra), are used by the Dagomba 
to flavour soup. Also in Ghana, the Nankanis boil baobab seeds with the ground 
bean (Macrotyloma geocarpum) or Bambara groundnut (Vigna subterranea) for 
food, while in north-west Ashanti the washed and pounded seeds are steeped in 
water for 10 days and then used to flavour soup. In northern Nigeria fermented 
seeds are pounded and made into a kind of cake known in Hausa as kuka dadawa, 
also used for flavouring soup. A fine meal, gavin kuka, of the baobab kernels 
mixed with a cereal meal, such as millet, is made into a thin gruel known as bulum 
mardam. The kernels are rich in lysine and thus provide a valuable nutrient 
supplement. In both East Africa and Angola the pounded seeds are used as meal 
in times of food scarcity (Irvine 1961; Dalziel 1937; Adam 1962; Owen 1970; 
Ferry et al. 1974; Weiss 1979; Storrs 1982; Addy and Eteshola 1984; Rashford 
1986; Tredgold 1986; Abbiw 1990; Obiziba and Amaechi 1993; Salami and 
Okezie 1941; Blench 2000). 

The Hadza of northern Tanzania either handpick the seeds from the pulp or collect 
undigested seeds from baboon dung piles beneath the baobab trees, which they then 
wash and sun dry before pounding. They eat the flour dry or mixed with a little 
water (Woodburn 1970; Murray et al. 2001). 

The seeds are eaten either raw or roasted by the Khosian people of Namibia, to 
whom the Hadza are distantly related. The ground seed kernels are occasionally 
used as a powder or shaped with water into cakes to flavour soups or they may be 
dried and stored as a reserve food or for use as a snack when travelling (Williamson 
1975; Burkill 1985; Maydell 1986; FAO 1988). 

Well-ground roasted seeds are also widely used as a coffee substitute. Pounded 
seeds mixed with milk, boiled and flavoured with honey make a sweet drink in 
Zimbabwe (Monteiro 1875 fide Hedrick 1972; Brenan 1949; Roodt 1995). 

The seeds may also be germinated: the white shoots look rather like asparagus 
and are boiled and eaten as a vegetable (Sébire 1899; Dalziel 1937; Adam 1962; 
Weiss 1979; FAO 1988). 

A. grandidieri is the most widely exploited of all the Malagasy baobabs. 
An adult tree can bear a hundred or more fruits, which will yield about 50kg of 
seeds. The seeds are easy to collect because the mature fruits have a relatively thin 
and brittle pericarp, and when they fall to the ground they usually break open; the 
challenge is to prevent animals eating the fallen fruit before they can be harvested. 
The Sakalava, who regard the fruit and its seeds as a valuable source of food, overcome 
the problem by harvesting the fruit by scaling the massive trunk by means of stakes 
driven into the bark to harvest the fruit before they fall. The fruit pulp and seeds 
may be eaten fresh or after the seeds have been grilled in the ashes. 
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The seeds of A. grandidieri contain approximately 37% oil, which is extracted and 
used for cooking. In some villages near Morondava the fruits are fed to goats, which 
are able to digest the pulp but pass the seeds intact. The seeds are then collected and 
the oil extracted (Baillon 1890a; Perrier de la Bathie 1924, 1952b, 1953; FAO 1988; 
Fletcher 1994; Baum 1995b). 

The fruit and seeds of A. rubrostipa are harvested in a similar manner to those 
of A. grandidieri: people climb the small trees with the aid of wooden pegs 
hammered into the trunks. Grilled seeds are eaten for their starch and oil content; 
the fruit pulp is rich in calcium (Perrier de la Bathie 1952b, 1953; Baum 1995b; 
Philipson 2002, personal communication). 

The hard, dry fruits of A. madagascariensis, often confused with those of A. za, 
are unpalatable and rarely harvested. The seeds of A. za (syn. A. alba, A. bozy) do 
contain oil but the thick pericarp and fibrous pulp makes decortication difficult. 
The oil is inferior, both in quality and quantity (Jumelle and Perrier de la Bathie 
1910, 1912; Pernet 1957; Baum 1995b). 

The seeds of A. gregorii may be eaten raw or dipped in water and sweetened with 
honey; they are also roasted in the coals and eaten whole. Sometimes the raw seeds 
are laboriously ground into a paste and eaten, a lengthy process, which is seldom 
done nowadays except as a demonstration of traditional practices (Brock 1988; Isaacs 
1987; Cherikoff and Isaacs 1991; Hocking 1997; Lowe 1998; Bleechmore 2002). 


1.6.3 Seed Oil 


By traditional methods of extraction A. digitata seeds yield 12-15% of an edible 
non-drying oil, although with solvent extraction using the Soxhlet process the yield 
can be as high as 68% when the seeds are decorticated or as low as 8.4%. Such wide 
differences may be due to a number of factors, including genetic ones, stage of 
ripeness, length and temperature of storage, etc. (Irvine 1961; Owen 1970; Kerharo 
and Adam 1974; Ralaimanarivo et al. 1983). 

Before extraction the seeds are separated from pulp by dissolving the pulp in water 
and sieving. Traditionally the oil was extracted by pounding the entire seeds or by 
boiling the seed and manually removing the husk before extraction. When commercial 
export was attempted, the quantity of oil that could be extracted was found to be 
insufficient to pay for its transport to Europe. The oil also tends to deteriorate in storage 
(Anonymous 1913; Burkill 1935; Dalziel 1937; Daumas 1963; Dweck 1997). 

Crushed seeds may also be heated with petroleum ether and the distillate 
condensed to extract the oil. The process is suitable for small volumes and not 
considered commercially viable due to the low yields. In Senegal the oil is extracted 
from the seeds by heating and distillation without the use of ether, a process that 
may merit further investigation. Direct cold pressing is unsatisfactory, yielding 
little oil mixed with gummy impurities such as tannins and waxes which, in addition 
to clogging the press, have to be separated from the oil. However, in Arusha, 
Tanzania, an export company has overcome this difficulty by first heating the seeds 
in a water bath and then pressing them (ICRAF 1999; Owen 1999). 
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The oil has been used in Francophile West Africa to dilute groundnut oil, and in 
Senegal for a local dish that the people indulge in on gala occasions. Otherwise it 
has been little used locally although there is currently some interest in its use in 
toiletries. The residual defatted seed-flour contains up to 48% protein and 2% thiamine 
(Anonymous 1912; Henry 1918; Dalziel 1937; Irvine 1961; Adam 1962; Owen 
1970; FAO 1988). 

The seeds of A. grandidieri contain 35-39% oil, making this a more attractive 
species than A. digitata for oil extraction. It was estimated that approximately 100 
fruit would yield 50kg of seeds; mechanical extraction would then produce 1 1 of 
oil from 10kg of seed. In c. 1874, the representative of Maritime Communications 
at Morondava conceived the idea of exploiting the A. grandidieri seeds for their oil, 
which is of good quality. From then until early in the 20th century the seeds were 
exported to Marseille, where they were mixed with other oilseeds, and cooking oil 
was extracted. The scheme failed due to an irregular and insufficient supply of 
seeds to sustain the market. 

Oil was also extracted locally at Toliara. The seeds, partially embedded in fruit 
pulp, were first crushed in rollers to produce a mixture consisting of 4596 seed coat 
and 55% kernel. The mixture was then passed through a hot press at 105—110°C and 
the oil queezed out; cattle cake was produced from the residue as a by-product (Rey 
1912; Perrier de la Báthie 1952b, 1953; Jourdan 1961; Daumas 1963). 

The odourless oil solidifies at 13?C; it is rich in palmitic oils and could, there- 
fore, be of interest as a health food. However, it has been discovered that the oil 
contains cyclopropenic fatty acids (CPEFA), which may be harmful if consumed in 
quantity (Gaydou et al. 1982; FAO 1988; Du Puy 1996b). 

The seed oil from A. suarezensis is widely used by the local people for cooking 
(Bianchini et al. 1983). 


2 Condiments 


The wood and pod shells of A. digitata can be burnt to yield a vegetable salt; that 
from the shells is rich in potassium. In Zimbabwe too, salt is extracted by burning 
the wood, often in the burrow of an ant bear or aardvark (Orycteropus afer). The 
ashes and surrounding soil are then placed in a container with small holes in the 
bottom like a colander, which is then placed over a collecting vessel. Water is 
poured over the ashes and the fluid allowed to percolate into the vessel below. The 
filtrate is boiled until all the water had completely evaporated, leaving a white residue 
(Irvine 1961; Adam 1962; De Villiers 1951; Cashel 1995). 

The pounded bark and leaves, or the cooked and fermented seeds may be 
used as a condiment. The dried powdered leaves (lalo) are used as a condiment 
and seasoning agent, especially by the Wolofs of Senegal, who season and 
thicken their couscous (a thick maize porridge) with it (Chevalier 1909; Irvine 
1952; Adam 1962; Mollien 1967; Okafor 1980; Andy and Eka 1985; Prentice 
et al. 1993). 
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3 Livestock Feed 


Wild animals, especially elephants, chew the wood of A. digitata, possibly to obtain 
salt from the sap. Domestic animals, including camels, and wild herbivores eagerly 
browse accessible leaves and fallen leaves and flowers, especially in the drier 
regions. The foliage is also regarded as excellent cattle fodder in Sri Lanka (Trimen 
1893; Hunt 1954; Adam 1962; Watt and Breyer-Brandwijk 1962; Dougall et al. 
1964; Guy 1965; Audru 1966; Snow 1968; Woodruff 1969; Jackson 1973; Toutain 
1978; Burkill 1985). 

The local inhabitants of both South Africa and Namibia regard the caterpillars 
that feed on the leaves (see Chapter 9) as an important food source (Palmer and 
Pitman 1972; Esterhuyse et al. 2001). 

Livestock production in Africa is largely concentrated in the arid and semi-arid 
regions, where fodder trees and shrubs are vital for livestock survival. In those areas 
of West Africa with 250—600 mm annual rainfall, the dry matter production by the 
foliage and fruit of individual baobabs far exceeds that of the other browse species 
(Table 2). Regression tables also show a clear relationship between stem diameter 
and leaf biomass (Bille 1980). 

Coarsely pounded baobab leaves form an important ingredient of horse-feed in 
Nigeria. Known as chusar doki, it is reputed to keep horses in good condition without 
fattening. Bran mixed with natron, salt, or plant ashes, is dissolved in water and 
leaves are added. The mixture is then boiled and administered in bolus form 
(Dalziel 1937). 


Table 2 Annual foliage and fruit dry matter production from various browse species in 
West Africa. (From Bille 1980; Dicko and Sikena 1992.) 


Rainfall Trunk Leaves Fruit 
Species Country (mm) dbh (cm) (g DM) (g DM) 
Acacia laeta Burkina Faso 440 15.0 2,500 - 
Acacia senegal Senegal 250 15.9 3,840 1,340 
Acacia seyal Burkina Faso 440 15.0 1,700 - 
Acacia tortilis Burkina Faso 440 15.0 700 - 
Adansonia digitata Senegal 250 100.0 14,300 1,500 
Adansonia digitata Senegal 250 140.0 22,000 2,400 
Adansonia digitata Senegal 250 260.0 55,000 6,000 
Adansonia digitata Senegal 250 320.0 99,000 10,000 
Adansonia digitata Senegal 250 16.8 1,850 1,030 
Balanites aegyptiaca Senegal 250 27.3 5,680 3,150 
Balanites aegyptiaca Burkina Faso 440 15.0 2,500 80 
Commiphora africana Senegal 250 16.5 290 - 
Faidherbia albida Mali 600 14.3 3,100 - 
Guiera senegalensis Senegal 250 10.2 2,850 = 
Pterocarpus lucens Mali 600 14.3 3,980 — 


Ziziphus mauritiana Mali 600 14.3 3,600 - 
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Fall-Touré et al. (1998) monitored the effect of browse level in the diet on the in 
vivo dry matter digestibility (DMD) in sheep. They found a non-linear response of 
total diet DMD to increasing levels of baobab browse, with optimum dry matter 
degradation at 15-30% of the browse level, indicating digestive interactions. The 
high tannin content significantly affected the DMD, necessitating keeping baobab 
leaves browsed to a reasonable level. However, it is possible that the emollient 
effect of the leaves may accelerate rumen digestion. 

In Nigeria Butswat et al. (1997) reported significant increases in yolk colour of 
eggs when up to 2% baobab leaf meal was fed to Black Harco laying hens, but no 
significant increase in egg production and quality, such as egg weight, shell thick- 
ness and yolk index. It was concluded that, in certain breeds of hen, a golden yellow 
yolk could be obtained with up to 2% baobab leaf meal. This result disagreed with 
that of Ojabo and Njoku (1986), who reported that a significant effect on yolk 
colour occurs with higher levels than 2%. Unfortunately the conference proceedings 
are not available in the UK but it can be safely assumed that another breed of poultry 
was used in the study. 

The leaves of A. digitata are rich in calcium although it is questionable to what 
extent the calcium is available to monogastric animals, as the leaves also contain 
gums, which may impede absorption (Gohl 1981). 

The seeds have a lignified coat which can either be softened by boiling or 
removed and, together with the pulp, fed to livestock, especially sheep and goats 
(Pelly 1913; Greene 1932; Gohl 1981). See Table 3 for details of the nutritive 
value. 

Baobab pulp and seeds in Tanzania contain as much digestible protein as good 
local hay but with a higher starch equivalent and compare favourably with the pods 
of Faidherbia albida (syn. Acacia albida) and Dicrostachys cinerea. The baobab 
pulp and seeds provided a valuable supplement to stock feed during the latter part of 
the dry season. However, the feed appeared to be an acquired taste. Sheep, cattle, 
horses and donkeys generally either ate only small quantities or ignored the feed 
entirely, although it was greatly relished by Large White pigs. Wild pigs were like- 
wise reported to crack open any weathered fallen fruit (French 1944; Storrs 1981). 

While the ash content of the seed coat or husk (4.2%) makes it unsuitable for 
mixing with animal feed, that of the pulp (2%) and seeds (2.2%) is still within the 
recommended limits for cattle and poultry feed (Oderokum 1996). 

The seed cake from A. digitata after the oil has been extracted typically contains 
34-38% protein but the high cellulose content (19%) makes it difficult to digest. 
The cake has high levels of calcium, lycine and vitamins B, and С (Daumas 1963; 
Nkana and Iddi 1991; Owen 1999). 

In Madagascar cattle owners sometimes fell A. grandidieri, A. rubrostipa, 
A. madagascariensis and A. za in times of drought, and either peel off the 
bark or split the trunk into two so that the zebu cattle (Bos taurus, syn. B. 
indicus) may chew the moisture-saturated pith (Rabesandratana 1984; Rauh 
1986; Baum 1995b). 

The seeds of A. grandidieri are often fed to goats and cattle after the pulp has 
been removed from the pods and eaten by local people (Du Puy 1996b). 
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Table 3 Chemical composition, nutritional values (% dry matter) and digestibility of browse 
from Adansonia digitata. (From Dougal et al. 1964; Lawton 1980a; Gohl 1982.) 


DM СР DP СЕ Ash ЕЕ NFE Si Ca P 
BARK! - 35 - 42.0 13.6 10 399 02 4.53 0.05 
- 3,3 - 57.4 8.5 0.8 300 0.5 2.49 0.10 
- 3.0 - 55.6 10.0 0.6 30.8 0.5 3.02 0.07 
- 4.5 - 55.4 8.4 06 311 04 2.15 0.06 
- 4.1 - 43.3 13.5 10 381 01 3.39 0.05 
LEAVES 
young? - 9.6 - 14.4 7.8 18 664 - 1.08 0.40 
young? 91.0 9.6 54 143 4.0 18 575 0.6 1.1 - 
mature? - 14.6 1.1 9.9 10.0 109 545 06 3.6 0.13 
mature? 23.0 16.5 11.8 122 122 130 461 - 1.7 0.28 
mature* - 16.6 2.6 0.20 
dry? 91.0 9.6 5.7 143 7.8 L8 575 0.6 1.10 0.40 
dry? 882 140 95 11.0 10.9 35 696 - 2.5 0.31 
SEEDS 
seeds? 879 127 83 264 40 132 445 - 0.25 0.59 
seeds? 879 12.7 0.0 25.6 40 132 445 - E - 
dry? 92.2 3:5 83 32.0 86 321 324 -= 2.8 1.6 
dry? 879 12.7 - 25.6 40 132 145 - E - 
pulp + 
seeds* = 112 Е 26.4 4.6 78 500 - 0.31 0.54 


Digestibility (%) 
CP СЕ ЕЕ NFE ME (kcal kg") 
pulp + seeds? (fed to sheep) 48.4 345 84 62.2 2.2 


‘Kenya; ?Burkina Faso; ?West Africa; "Tanzania; Sudan; ‘Nigeria. 


Cattle cake was produced in Madagascar during the 1950s and 1960s as a by- 
product following oil extraction; 300 t were produced in 1959 and 600 t in 1961. 
The dark brown slabs of cattle cake had a high cellulose (19%) and low protein 
(11%) content, and was strongly lignified and consequently not easily digested. 
It was necessary to supplement the cake with other ingredients before feeding to 
cattle. In some cases pulp that had been removed before processing was added 
to the cake. The cake had a good vitamin and mineral content, was easy to store, 
did not readily deteriorate and, during the period when it was being produced, 
offered a competitively priced product (Daumas 1963; Owen 1999). 

In Australia, livestock readily eat the young foliage of A. gregorii. In times of 
drought boabs have been felled and the bark removed so that livestock could eat the 
moist wood. Indeed, most parts of a fallen boab will be eaten cattle, while goats eat 
the pulp and seed from fallen fruit (Bennett 1860; Fitzgerald 1918; Ostenfeld 1918; 
Hill 1940; Glaskin 1962; Boland et al. 1985; Brock 1988, 1993; Lowe 1998). 


Chapter 5 
Human and Veterinary Medicine 


The bark, roots, leaves, fruits and seeds are widely used by indigenous peoples for 
human and animal medicines. However, their uses are poorly documented. 
A proper medical diagnosis and prognosis of the symptoms treated, details of the 
plant quantities used, their preparation, application and efficacy are generally lacking. 
It is mainly due to the current drive by the pharmaceutical companies to discover 
novel plant compounds that the value of some of these traditional medicines are 
now being investigated and appreciated. 

During the past decade there has been an increased interest by several European 
companies in baobab pharmaceutical and toiletry products, such as powdered and 
tableted pulp, dried leaf powders, leaf bath ‘salts’ and foams, seed bath oils, lubri- 
cations and anti-aging skin preparations. The disintegration of thermolabile active 
ingredients, such as essential oils, vitamins, etc. and the caramelisation of the sugars 
during manufacture are prevented by the use of ultrasound extraction at ambient 
temperatures. This ensures a better qualitative/quantitative ratio without any modi- 
fication of the active ingredients. 

The annual imports of baobab pods into Europe from West Africa since 2001 
are in the region of 100 to 300t (Ottaviani 2005, personal communication). 


1 Human Medicine 


In the late 16th century the powdered pulp of A. digitata was reputedly imported 
to Europe as a substitute for, or an addition to, the medicinal earth known as ferra 
lemnia or terra sigillata (see Chapter 1), and was sold as such in the Egyptian 
markets. This substitution of baobab pulp, which has somewhat similar properties 
to terra lemnia, was probably a highly lucrative operation. The pulp was taken 
with sugar as a refrigerant for relieving fever, and was even used in Europe as a 
remedy for dysentery until the early 19th century (MacFarquhar 1797; Vauquelin 
1822; Dymock et al. 1890; Gerber 1895; Dalziel 1937); it was also used for an 
unspecified purpose in Jamaica (Rock 1861). Recently pulp was exported from the 
Sudan to the UK for use in pharmaceutical anti-inflammatory preparations 
(Baumer 1975). 
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A. digitata bark was used in Europe as an anti-periodic; both Pierre (1830) in 
France and Duchassaing (1848a, b) in Guadeloupe commended its use for dimin- 
ishing the pulse rate, and claimed it increased the appetite and perspiration without 
any ill effects. Duchassaing’s original observations were made in Senegal and con- 
firmed by the French Naval Ministry in Paris (Walpers, 1852), which was, at that 
time, responsible for colonial affairs. 

The baobab’s medicinal properties were mentioned but its products, not being 
approved for pharmaceutical use, were not prescribed in The Dispensatory of the 
United States of America from 1849 to 1947 (Wood and Bache 1849, 1865, 1907; 
Wood and Osol 1943; Osol and Farrar 1947). Although Wood and Bache (1865) and 
later editions reported that Pierre used baobab bark as an anti-periodic in Europe dur- 
ing the early 19th century, the cited reference to Pierre in Archives Générales de 
Médecine sér. 3, 23, 535 (1830) is erroneous and has not been traced. 

Pomet (1694, English translation 1712) does not mention the baobab. Neither is 
it mentioned in the British Pharmacopoeia (General Council of Medical Education, 
1864), nor by Squire (1864) or Lucas and Stevens (1915) in their compilations of 
prescriptions contained in British, European and US pharmacopoeias. It is con- 
cluded that, although the baobab’s medicinal properties were well known, the 
medical profession did not prescribe its official use in Europe or the USA. 

In Australia, A. gregorii flower essence is marketed by Healing Waters for the 
spiritual clearing of negativity “from people that are out of balance in your environ- 
ment or earth bound spirits’ (White 2005). 


1.1 Pharmacognosy 


In an in vitro assessment for trypanocidal activity, Atawodi et al. (2003) found 4mg 
ml! methanol baobab root extract eliminated mobility in Trypanosoma congolense 
(African bovine trypanosomiasis) in 50 min. In a similar trial Atawodi (2005) found 
2 and 4 mg ті! baobab root-bark and leaf extracts using petroleum ether, chloro- 
form, aqueous and methanol slightly reduced mobility in T. brucei (African 
trypanosomiasis or sleeping sickness). 

The bark has a bitter taste but no alkaloids are present (Loustalot and Paga 1949; 
Adegoke et al. 1968). However, Willaman and Li (1970) reported the presence of 
an unnamed alkaloid in addition to the compound ‘adansonin’, which is claimed to 
have a cardiotonic or strophanthin-like action (Watt and Breyer-Brandwijk 1962), 
while Oliver-Beaver (1986) regarded ‘adansonin’ (see Chapter 8) as an antipyretic 
agent. However, ‘adansonin’ is no longer recognised (see Chapter 8). 

The bark also has anti-haemorrhagic properties (due to the tannin), as well as 
being diaphoretic, antipyretic and anti-ophthalmic (Kerharo and Adam 1974). In 
Nigeria baobab stem-bark is regarded as a ‘heart tonic’ with diuretic properties. 
This was tested by Ashorobi and Joda (1998). They found that an ethanolic extract 
of the bark improved contractions of heart muscles in rats. 

The flavonol glycoside quercetin-7-O-D-p-xylopyranoside in A. digitata is an 
antioxidant with anti-carcinogenic, anti-HIV and antibiotic properties (see Chapter 8). 
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The triterpenoid 7-baueren-3-acetate and derivatives of betulinic acid, also present 
in the baobab’s bark, may also possess anti-HIV activity (van Wyk et al. 1997). The 
use of baobab extracts of the flavonol glycosodes kaempherol and quercetin in the 
treatment of AIDS and related conditions are covered by the United States Patent 
Application 0040052868. 

Dan and Dan (1986) reported the presence of the pharmaceutically active triter- 
penoids friedelane and lupane in the stem-bark and leaves of A. digitata (see 
Chapter 8), which Chatterjee et al. (2000) suggest have anti-melanoma properties. 

Despite the bark’s diaphoretic and anti-periodic properties, its efficacy as a febrifuge 
has not been detected in experimental malaria treatments. For example, the water and 
chloroform extracts of the stem-bark were inactive against malaria in chickens and 
ducks at concentrations up to 1.65g Кот! and 175mg kg ! respectively (Spencer et al. 
1947). Hedberg et al. (1982) found bark extracts ineffectiver against malaria. 

Gerber (1895) attributed the therapeutic properties of A. digitata leaves to its 
mucilage and tannin, calcium oxalate and chlorophyll content, and Dalzell (1937) 
its antipyretic, anti-diaphoretic and astringent properties to the presence of potas- 
sium acid tartate, sodium chloride and tannin. Leaf preparations also have hypoten- 
sive, antihistaminic, calmative and emollient effects (Kerharo and Bouquet 1950b; 
Pernet 1957; Oliver 1960; Adam 1962; Kerharo and Adam 1974). 

The anti-asthmatic effect of baobab leaves is attributed to the flavonoside dehy- 
droxyflavane (Manfredini 2002). Although the leaf powder has been used in West 
Africa and Madagascar as an anti-asthmatic, its effectiveness has not been medi- 
cally confirmed. It reduced asthmatic attacks induced by histamine in guinea pigs 
(Vincent et al. 1946). 

Subcutaneous injections of aqueous and alcohol-based leaf extracts had no 
effect on histamine and acetylcholine induced broncho-spasms in guinea pigs, 
while intravenous injections of 0.01 g kg"! of leaf extract produced slight hypoten- 
sion, brachycardia and polypnea in dogs (Vincent et al. 1946). 

A dehydroxyflavanol, adansonia flavonoside, was isolated from the leaves. It 
decreased capillary permeability in rabbits but was less active than the glucoside rutin, 
which is normally used in the treatment of hypertension associated with capillary 
fragility (Paris and Moyse-Mignon 1951; Kerharo and Adam 1974; Sharp 1990). 

Baobab fruit pulp acts as a palliative and diaphoretic for fevers and dysentery, 
the fruit fibres (funicles) act as an emmenagogue, and the seeds are anti-inflammatory 
(Dalziel 1937; Kerharo and Adam 1974). 

Baobab pulp was tested on rats for its antidiarrhoeic action and was found to 
produce a slower passage of food through the intestinal tract. This was attributed to two 
main factors: an astringent action of the tannins causing an inhibition of osmotic 
secretions and the anti-inflammatory action of the mucilage on the intestinal 
mucous membrane. A neurotropic anti-spasmodic effect was also identified, arising 
from the action of the pulp in reducing muscular contractions. The pulp had an 
anti-microbial action and nutritional properties effective in combating debilitation 
associated with diarrhoea (Fopa 1994). 

A clinical trial was set up in Dakar to compare the clinical efficacy of a baobab 
pulp solution with the standard WHO solution to treat children aged 6 months or 
older (mean age: 16.6 + 8.8 months) with diarrhoea and associated mild to moderate 
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dehydration. Seventy-nine children received the WHO solution and 82 the baobab 
solution. The effects on the diarrhoea and subsequent weight gain were followed 
for 448 h. The WHO solution was found to be superior but not statistically signifi- 
cant, while the baobab solution had additional nutritional, economic and cultural 
benefits, and was therefore recommended for home use (Tal-Dia et al. 1997). 
A similar study in Khartoum was conducted on 160 children with a mean age of 8 
months. It found that an aqueous solution of baobab pulp was significantly more 
effective than the traditional WHO solution for the rehydration of children affected 
by diarrhoea (Galil 1996, cited by Baobab Fruit Company 2003a, b). 

KGhler et al. (2002) investigated the anti-plasmodal activity of an aqueous extract of 
baobab pulp against chloroqinine-sensitive and -resistant strains of Plasmodium 
falciparum (malarial sporozoa). They obtained an IC., value of >50ug mg" (concen- 
tration at which growth is inhibited by 50%), which was considered as being inactive. 

The adverse health effects of cyclopropenoic fatty acids (CPEFA) in edible food 
are well documented (Aitzetmiiller 1996). Rats fed fresh baobab seed oil containing 
1.75% CPEFA showed retarded growth and enlarged livers compared to rats fed 
heated seed oil containing 0.046% CPEFA. The CPEFA in fresh oil either inhibited 
fatty acid desaturation or specifically inhibited the desaturation of substrate previ- 
ously incorporated into membrane phospholipids. The monounsaturated fatty acid 
content of kidneys and liver significantly decreased with fresh oil, wheras there was 
virtually no effect on tissue fatty acid profile from heated oil (Blond et al. 1992; 
Andrianaivo-Rafehivola et al. 1993, 1995; Cao et al. 1993, 1996). 

Laboratory studies into the biological activity of an aqueous, lyophilised extract of 
A. digitata pulp showed that oral doses between 400 and 800mg kg"! had a marked 
anti-inflammatory effect capable of reducing a formalin-induced oedema in rats. The 
effect was similar to that of 15mm kg™ of phenylbutazone in the comparison group. 
The activity was attributed to the sterols, saponins and triterpenes in the aqueous solu- 
tion. Two hours after oral administration of 800mg kg"! to mice, the pulp showed an 
analgesic and antipyretic activity comparable to an oral dose of 50mg kg” of acetyl- 
salicylic acid. In an acute toxicity test the intraperitoneal (1.р.) administration of the 
extract to mice gave an LD,, value of 8,000 mg kg". The results justified the tradi- 
tional use of baobab pulp as a painkiller and febrifuge (Ramadan et al. 1994). 

Al-Qawari et al. (2003) demonstated a hepato-protective effect of A. digitata 
fruit pulp given to rats prior to exposure to carbon tetrachloride. 

In Nigeria 142 school children aged 6-8 years with a haemoglobin (Hb) concentra- 
tion «11g dl! were dewormed. Half were fed cereals, legumes and vegetables plus 
250mm baobab pulp drink; the control received the same diet but without the baobab 
drink. The Hb concentration of the first group rose to 13 g di", that of the control to 11g 
di. The number of children with «12g Г! serum ferritin fell from 75% to 30% for 
children receiving the baobab drink; the control remained unchanged (Nnam 2004). 

The lubricating, binding and thinning properties of the carbohydrates and pectin 
present in the pulp make it suitable for use by local pharmacists as a hydrophilic 
matrix for paracetamol and theophyllin controlled-release tablets (Arama et al. 
1988, 1989). A. digitata seeds contain O-acetylethanolamine, which is believed to 
have anti-inflammatory properties (Gray and Hayman 1986). 


2 Treatments 85 


1.2 Viral, Bacterial and Fungal Activity 


Aswal et al. (1984) carried out tests on the above ground organs of A. digitata for 
LD,, values expressed in milligram per kilogram administered intraperitoneally in 
mice and found no biological activity against the Ranikhet disease virus and 
Vaccinia virus. Neither was there was any effect on respiration, cardiovascular sys- 
tem, preganglionically stimulated nictitating membrane and isolated ileum, and no 
gross effect on the central nervous system or supramaximal electroshock seizure 
pattern test. There was no effect on lymphocytic leukaemia, no diuretic effect and 
no action on human epidermoid carcinoma of nasopharynx in tissue culture. 

Ananil et al. (2000) reported the root-bark and the leaves of A. digitata were 
effective against Herpes simplex virus, Sindbis virus and polio virus. In a follow up 
investigation, Hudson et al. (2000) found that baobab root-bark and leaves had both 
potent virucidal activity (direct inactivation of virus particles) and intracellular 
antiviral activity against Herpes simplex virus, suggesting the presence of multiple 
antiviral compounds or a single multi-active compound. 

Aswal et al. (1984) also found that the above ground organs of A. digitata 
administered intrperitneally in mice had no biological activity against the fungi 
Aspergillus niger, Candida albicans, Cryptococcus neoformans, Microsporum 
canis and Trichophyton mentagrophytes, the bacteria Escherichia coli, Salmonella 
enterica subsp. enterica (syn. S. typhi) and Staphylococcus aureus, or the protozoa 
Entamoeba histolytica. 

Le Grand (1989) reported no effect against the fungi C. albicans, Penicillium 
solitum var. crustosum (syn. P. crustosum) and Saccharomyces cerevisiae or the 
bacterium Е. coli, but did record biological activity against Bacillus subtilis and 
Mycobacterium leprae. A 125 ug ті! methanol baobab flower extract was reported 
to have an anti-fungal effect against Epidermophyton floccosum while a 1,000 ug mI! 
was effective against M. canis and Trichophyton rubrum (Locher et al. 1995). 
A 70% ethanol bark extract was active against B. subtilis at a concentration of 1 mg ml"! 
but was inactive at that concentration against Е. coli, P. solitum var. crustosum and 
S. cerevisiae (Taniguchi et al. 1978). 

A methanol extract of the dried and powdered stem-bark showed anti-microbial 
activity against the bacteria Streptococcus sp. and Pseudomonas aeruginoa, and the 
fungus A. niger (Hussain and Deeni 1991). The root-bark and leaves were active 
against the bacteria B. subtilis, E. coli, Mycobacterium phlei, S. aureus and 
Streptococcus faecalis but resistant to Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Salmonella typhimurium and the fungus C. albicans (Ananil et al. 2000). 


2 Treatments 


The following grouping of treatments for the various disorders follows the recom- 
mended international data collection standard of Cook (1995). It must be emphasised 
that the diagnosis of complaints and the efficacy of their herbal treatments have 
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rarely been subjected to strict clinical examination and trials. Consequently the use 
of baobab medications is not recommended without medical supervision. 

Although A. digitata is used for treating numerous disorders in Africa, the many 
attributes and treatments listed by Gupta and Tandon (2004), Sharma (2004) and 
Joshi et al. (2004) from various Indian literature sources, should be viewed with 
caution. The baobab has a limited distribution in India and it is suspected that many 
of the medicinal uses mentioned are from Africa and not India. 


21 Abnormalities 


The witchdoctors of Senegal treat endu (oedema and numbness of the limbs) with 
incantations and a salve of A. digitata, Spermacoce verticillata (syn. Borreria 
verticillata) and Datura metel (Kerharo and Adam 1964a). Baobab bark forms 
part of a concoction used in Namibia for treating swollen limbs (Mshigeni and 
Hangula 2001). The bark, leaf, fruit rind, pulp and seed are used in India to reduce 
swellings (Yoganarasimhan 1996). 

A lipoid extract obtained from milled baobab seeds and sunflower oil may be 
used in a poultice for treating haematomas (Baobab Fruit Company 2003a, b). 


2.2 Blood and Circulatory System Disorders 


Baobab fruit pulp improves the iron status of children with low iron levels in their 
blood (Nnam 2004). 

An aqueous bark extract of A. digitata is traditionally used in Nigeria for treating 
sickle-cell anaemia. However, Adesanya et al. (1988) found that although water 
and methanol bark extracts possessed reversal anti-sickling properties, the low 
reversal activity of the extracts compared to p-hydroxybenzoic acid, and the 
absence of any in vitro activity did not justify the local use of the baobab for the 
prevention of sickling crisis by sufferers. 

Baobab stem-bark is considered beneficial in Nigeria as a heart tonic with diu- 
retic properties (Ashorobi and Joda 1998). 

In Senegal baobab leaves or the fruit pulp are used as a cicatrisant for external 
bleeding; /alo (baobab leaf tisane) is taken for anaemia (Kerharo and Adam 1964a, 
1974). Lalo is also claimed to lower blood pressure (Kerharo and Bouquet 1950b; 
Pernet 1957; Oliver 1960). In Benin the Otomari prepare a decoction from the 
seeds known as mantofamen, it is used to treat high blood pressure. The leaves and 
pulp are also used in the treatment of haemorrhoids (Codjia et al. 2001). 

A drink made from fruit pulp and seeds of A. digitata is given to treat haemopty- 
sis (Dragendorff 1989; Hines and Eckman 1993). The sun-dried powdered pulp of 
А. madagascariensis and A. za are similarly used in Madagascar (Heckel 1903; 
Jenkins 1987). In Madagascar an extract of A. digitata leaves is administered to 
relieve blood pressure (Pernet 1957). 
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2.3 Digestive System Disorders 


In Benin the capsule indumentum is used to treat frequent and severe stomach ache 
in infants; a preparation of the seeds is taken to relieve stomach ache in adults 
(Codjia et al. 2001). The roots of A. digitata are used in Tanzania for treating stom- 
ach ache (Buwalda et al. (1997). 

For toothache a bark decoction is gargled in Senegal, and in Ghana bark resin is 
rubbed onto the roof of the mouth (Irvine 1961; N'Diaye 1962). In West Africa the 
sap, or a paste from roasted crushed seeds, is applied to diseased teeth and gums 
(Dalziel 1937; Adam 1962; Kerharo and Adam 1974; Abbiw 1990). In Benin the 
bark and pulp are used in an unspecified treatment for toothache, and in Tanzania 
a bark decoction is used as a mouthwash for toothache (Haerdi 1964; Codjia et al. 
2002; Gustad et al. 2004). The bark is used in Mali for treating caries and the fruit 
stalk used as a tooth stick (Gustad et al. 2004); the bark is similarly used in India 
(Joshi et al. 2004). 

A. digitata leaves, which have astringent properties, are drunk in Africa and 
India in an infusion, known in West Africa as lalo, for diarrhoea, dysentery, inflam- 
mation of the digestive tract and as a purgative (Kerharo and Adam 1964b, 1974; 
Thoyer 1986; Le Grand and Wondergem 1987; Owen 1970; Hines and Eckman 
1993; Gustad et al. 2004; Joshi et al. 2004). Infusions of both the leaves and flowers 
may also be used (Dalziel 1937; Adam 1962; Quimby and Persino 1964), while in 
Mali an infusion of the flowers is taken (Thoyer 1986). A poultice of lalo may be 
placed on the patient's stomach for both dysentery and colic (Капс̧оп 1886 fide 
Gerber 1895). 

In local medicine throughout much of Africa a suspension of the fruit pulp in 
water or milk, taken alone or with gruel of millet, or a decoction of the crushed or 
roasted seeds and water, is used to treat intestinal inflammations, diarrhoea and 
dysentery. Pulp dissolved in water, or preferably in rice water in which iron rust has 
been boiled, is also administered for dysentery (Cooke 1870; Капс̧оп 1886 fide 
Gerber 1895; Sébire 1899; De Wildeman 1903; Anonymous 1906; Dalziel 1937; 
Oliver 1959; Aubréville 1950; Adam 1962; Watt and Breyer-Brandwijk 1962; 
Kerharo and Adam 1964b, 1974; Burkill 1985; Szolnoki 1985; Thoyer 1986; Ghani 
and Agbejule 1986; Abbiw 1990; Hines and Eckman 1993; El-Kamali and Khalid 
1996; El-Kamali and El-Khalifa 1999). Although the treatment is held in great 
esteem by the Wolofs of Senegal, Peul and Toucouleur have little faith in its 
efficacy (Kerharo and Adam 1964). In Sudan and Egypt dysentery is first treated 
with a decoction of Tamarindus indica (tamarind). If that fails, a decoction of 
baobab fruit is given several times a day and, if there is no improvement, a dough 
of baobab bark or roasted seeds is fed to the patient several times a day. In France, 
a Dr. Louis Frank successfully treated several patients with baobab fruit (H.C. 
1822). Garnier (1888) fide Gerber (1895) considered the baobab fruit ineffective 
against dysentery but a refreshing tonic. 

Conversely, in Mali constipation is treated with fruit pulp, and in Malawi it is 
treated with a traditional drink known as dambedza, prepared by soaking the fruit 
pulp in water (Anonymous 2004f; Gustad et al. 2004). 
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Fortin et al. (1988) recommend boiling 20g of dried pulp in water until a jelly 
is formed. Between 150ml and 500 ml, in addition to the recommended amount of 
rehydration solution, are taken daily until the diarrhoea ceases. 

Baumer (1959) and Manfredini (2002) considered the pulp to be mildly laxative. 
Indeed, in Dhofar, Oman, the pulp of fresh baobab fruit was used as a mild laxative 
(Miller and Morris 1988), while in India the mucilage or fruit pulp with buttermilk was 
used as an astringent for treating diarrhoea, dysentery, indigestion, stomach ache and 
abdominal disorders, a practice that was undoubtedly introduced by Arab traders (Watt 
1885; Dymock et al. 1890; Yoganarasimhan 1996); Joshi et al. 2004; Sharma 2004). 

In Senegal diarrhoea and dysentery are treated with a draught made from pounded 
seeds; the same is true in Ghana but the seeds are roasted before pounding. 

In The Gambia a thick paste of powdered pulp and water is eaten to prevent 
vomiting (Szolnoki 1985). In India the pulp, with the addition of cumin (Cuminum 
cyminum) and sugar or with emblic myrobalms (Phyllanthus emblica), fresh mint 
(Mentha sp.), Indian long pepper (Piper longum) and rocksalt, is taken in water for 
bilious dyspepsia, and the fruit pulp for general stomach complaints (Dymock et al. 
1890; Tosh 2004). Unspecified parts are also used in India as a demulcent and 
astringent and for the treatment of dysentery (Agarwal 1983). 

Ash from burnt baobab pods is used in northern Nigeria to treat a severe rectal 
disease known in Hausa as dan Kanoma, son of Kanoma (a place) (Burkill 1985; 
Blench 2004, personal communication). 

The leaves and fruit of A. madagascariensis and A. za are reported to be antidi- 
arrhoeic, while dried powdered fruit pulp together with the fruit of the tamarind 
(Tamarindus indica) is used for treating dysentery (Heckel 1903; Pernet 1957). 

The Australian Aborigines eat uncooked powdered pulp of mature but still soft 
A. gregorii fruit as an anti-acid to treat stomach pains and other gastric disturbances, 
such as nausea. Older fruit may be boiled in sugared water to soften before eating 
(Aboriginal Communities of the Northern Territory 1993; Smith et al. 1993). In the 
Kimberley the pulp is crushed and mixed with water to make a drink, and sweetened 
with sugar; formerly people used wild honey (Lowe 2004, personal communication). 


2.4 Endocrine System Disorders 
An infusion of the bark of A. suarezensis is reputed to alleviate the symptoms of 
diabetes (Baum 1995b). 


2.5 Genito-Urinary System Disorders 


The Fulani in Guinea-Bissau treat urinary diseases with the root of A. digitata 
(Diniz et al. 1996). In Somalia, fresh or dried roots are boiled in two to four glasses 
(1 glass = 200cc) of water and two cups are taken in the morning as a remedy for 
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urine retention (Samuelsson et al. 1991). A draught of the macerated leaves serves 
as a diuretic in Senegal and Madagascar (Kerharo and Adam 1964b; Pernet 1957). 
A lalo tisane is also considered beneficial for kidney and bladder diseases (Dalziel 
1937; Oliver 1959; Kerharo and Adam 1974; Hines and Eckman 1993). 

The Wolof of Senegal treat female urinary infections and associated disorders by 
washing with the macerated petioles of Adansonia and Tephrosia purpurea; baobab 
bark is used as a remedy against menorrhalgia (Kerharo and Adam 1974). In Benin 
the pulp is used in the treatment of hot flushes (Codjia et al. 2001). In Somalia a 
decoction of the stem-bark together with the stem-barks of Sterculia appendiculata 
and S. stenocarpa plus plant debris left behind by floods (shiizi) are used for treat- 
ing a gynaecological complaint known as chashi, the symptoms of which are more 
or less profuce vaginal bleeding (Hedberg et al. 1982; Samuelsson 1991). A decoc- 
tion of the fibrous inner bark is used as an emmenagogue (Alvaro 1959), while a 
decoction of the fibres lining the fruit shell is given to treat amenorrhoea (Sébire 
1899; Oliver 1960; Saha et al. 1961; Owen 1970; Berhault 1974; Kerharo and 
Adam 1974; Dweck 1997; Abbiw 1990). 

In Benin, primary and secondary sterility are treated for 1 month with baobab pulp 
grated with the calcined roots of Pseudocedrela kotschyi; the powder is eaten in a 
peppery sauce (Neuwinger 1996). In Senegal a mixture of baobab leaves and leaves 
of Tamarindus indica is prescribed as a male and female aphrodisiac (Owen 1970), a 
root decoction is used for the same purpose in Sierra Leone (Milza 2002), and in 
Benin the leaves and pulp are administered both as an aphrodisiac and for loss of 
virility (Codjia et al. 2001). In Togo a decoction of baobab bark (or the bark of 
Securidaca longepedunculata) and seeds of the bulrush millet (Pennisetum glaucum, 
syn. P. americanum) are drunk to cure female sterility (Neuwinger 1996). In Somalia 
the filtered decoction of a whole fruit cooked with two glasses (1 glass = 200cc) of 
water, is used against impotence. One third of the decoction is drunk three times a 
day for 3 days (Samualsson et al. 1991). In Tanzania a bark decoction is drunk as 
an aphrodisiac and to treat male sterility (Hedberg et al. 1982). A root infusion is 
drunk by the Chewa of southern Malawi to improve potency (Morris 1996). 

Dried powdered pulp and mucilage of A. madagascariensis are given in 
Madagascar to treat uterine conditions (Heckel 1903), and the fruits of an unidenti- 
fied baobab for urogenital conditions (Jenkins 1987). 


2.6 Infections 


In 1848 the bark of A. digitata was imported into Europe under the erroneous name 
of cortex cael cedra and used as a febrifuge and a substitute for cinchona or Jesuits’ 
bark (from Cinchona officinalis) to treat malaria. It was thus used until the cinchona 
plantations in India, Sri Lanka and Java became sufficiently productive (Braun 
1929; Bircher 1960; Irvine 1961; Owen 1970; Burkill 1985). According to Walz 
(1852b) cortex cael cedra is the name that pharmacists applied to the bark of Khaya 
senegalensis (syn. Swietenia senegalensis), for which the French vernacular name 
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is cail-cédra and an unlikely cinchona substitute (Trousseau and Pidoux 1862; 
DeVries 1862). Walz noticed that his bark sample was not from Khaya and named 
it cortex cael cedra spurius but did not identify the species. Confusion about bark 
names was common during the 19th century (see Chapter 8). 

Both Vauquelin (1823) and Duchassaing (1845, 1848a, b) recommended treating 
malaria with a daily draught prepared by boiling 28 g of baobab bark in 1.41 of water 
until reduced to 0.851; the addition of sugar improved the flavour. The decoction had 
the disadvantage of decomposing after 18—24h. The addion of a little sulphuric or 
hydrochloric acid to precipitate the mucilage slows the decomposition. Duchassaing 
claimed the treatment to have proved effective in numerous cases of intermittent 
fever but, as the treatment included quinine, his results are inconclusive. Duchassaing 
worked in Guadeloupe yet, despite his work being cited in the 11th to 24th editions 
of the Dispensatory of the United States of America (Wood and Bache 1858; Osol 
and Farrar 1947), and by, for example, Felter and Lloyd (1898), there appears to be 
no mention of baobab bark in the pharmacopoeia of the USA. 

A mash prepared from dried and powdered baobab bark is widely used through- 
out Africa, India, Sri Lanka and the West Indies as a febrifuge for treating malaria 
(Dalziel 1937; Loustalot and Pagan 1949; Adam 1962; Watt and Breyer-Brandwijk 
1962; Haerdi 1964; Vasileva 1969; Kerharo and Adam 1974; Abbiw 1990; Hines 
and Eckman 1993; Joshi et al. 2004; Mueller 2005). For treating malaria in Benin 
the stem-bark of baobab, stem-bark or roots of Gnidia kraussiana and the roots of 
Securidaca longepedunculata are dried and powdered and heated on coals, the 
vapour is then inhaled (Neuwinger 1996). In Kenya and Tanzania a bark decoction 
is used in steam baths for infants with a high fever (Maundu et al. 1999). 

In several parts of Gujarat, India, a baobab bark decoction is used to treat chil- 
dren with whooping cough. A bark extraction or fruit pulp mixed with milk and 
sugar is given for jaundice (Reddy et al. 2002b). 

The botanist Michel Adanson kept himself free of fever (and diarrhoea) by 
drinking morning and evening 0.51 of a tisane prepared from the boiled baobab 
leaves (Adanson 1763; Grisard 1891; Sébire 1899); however, according to Adanson 
(1759) he nearly died of fever in 1753 after being free from it for 4 years. The leaf 
decoction is still widely used in Africa as an anti-malarial drug during the rainy 
season (Gerber 1895; Anonymous 1906; Dalziel 1937; Pernet 1957; Watt and 
Breyer-Brandwijk 1962; Lemordant 1971; Beltrame 1974; Kerharo and Adam 
1974; Jansen 1981; Abbiw 1990). 

The fruit pulp and seeds are widely used in the treatment of fevers (Gerber 1895; 
Szolnoki 1985; Hines and Eckman 1993; El-Kamali and Khalid 1996). From 
Senegal, Ghana and Kenya, a tisane of baobab fruit pulp is drunk as a febrifuge 
(Adam 1962; Kerharo and Adam 1964a, 1974; Ghani and Agbejule 1986; Maundu 
et al. 1999). Similarly, in Mali a 0.51 decoction containing 30g of bark or a tisane 
of fruit pulp is used for treating fever (Thoyer 1986), while the Chewa of southern 
Malawi treat fevers by eating the pulp (Morris 1996). 

In Ayurvedic medicine baobab bark and leaf decoctions as well as fruit pulp 
mixed with water are taken internally for treating fevers, including night sweats 
associated with tuberculosis (Yoganarasimhan 1996; Conway 2001). 
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In West African traditional medicine a solution of the baobab fruit matrix and 
water, or preferably rice water in which iron rust has been boiled, was used to treat 
smallpox. Patients with measles had a thick paste of baobab pulp, cereal flour and 
water placed on their eyes several times a day. Before smallpox was eliminated its 
victims used to receive the same treatment (Sébire 1899; Dalziel 1937; Oliver 
1959; Aubréville 1950; Adam 1962; Kerharo and Adam 1974; Burkill 1985; 
Abbiw 1990). 

In Tanzania people who are HIV positive drink the liquid obtained by boiling 
baobab roots, bark and fruit pulp (Dogani 2005). 

In South Africa the Venda use a baobab bark decoction together with the root of 
Osyris lanceolata to treat sexually transmissible diseases (Arnold and Gulumian 
1984; Baerts-Lehmann 2002). The bark, leaf, fruit rind, pulp and seed are also used 
in India for treating venereal diseases (Yoganarasimhan 1996). 

The Malagasy formerly used the bark of A. suarezensis as an anti-periodic, 
which was considered a useful substitute for quinine (Watt 1885). A decoction of 
the boiled wood or leaves of A. rubrostipa is taken internally for the treatment of 
fevers and colds (Stiles 1998; Philipson 2002, personal communication). 
Decoctions of the leaves of A. digitata, A. madagascariensis or A. za, and the 
fruit pulp of A. madagascariensis are used as a febrifuge (Heckel 1903; 
Rasoanaivo et al. 1992). 

The bark of A. gregorii is used by Aborigines of northern Australia as an anti- 
periodic and antipyretic (Gerber 1895; Hocking 1997), while the flowers are used 
for allaying fever (Hill 1940). 


2.7 Infestations 


According to Dubois (1933) the emollient properties of a paste from pounded and 
boiled leaves of A. digitata and Ficus sp. are used in Mali to assist in the extrac- 
tion of guinea-worm (Dracunculus medinensis). In Burkina Faso a paste of 
baobab leaves kneaded with shea butter (obtained from the kernels of Vitellaria 
paradoxa) is applied to lesions caused by guinea-worm, killing the nematode 
within a few days (Sita 1978). Kerharo and Adam (1974) in Senegal, and Fabiyi 
et al. (1993) in Nigeria also record the application of a baobab leaf compress 
against filarial nematodes, which gives relief from pain and brings about a rapid 
healing of the lesion. 

Infection is acquired by drinking water containing water-fleas (Cyclops spp.). 
These freshwater crustaceans are the vectors of the guinea-worm larvae, which, on 
ingestion, are released by the digestive juices and migrate to the body cavities, 
whence the gravid females, 60—120 ст long, eventually migrate to the subcutane- 
ous tissues, usually in the feet and legs. 

The leaves of A. digitata and A. za are used in Madagascar as an anthelmintic 
(Pernet 1957; Andriamanga 1995). 
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2.8 Inflammations 


The Chewa of southern Malawi treat sore throats with a draught of an infusion of 
baobab roots (Morris 1996). Children with sore gums (gingivitis) are treated with 
roasted, powdered seeds (Owen 1970). The same condition is treated with bark in 
India (Joshi et al. 2004). In West Africa, eye complaints, such as conjunctivitis, are 
treated by bathing the eyes in a decoction of baobab bark from young trees, an infu- 
sion of the leaves and flowers, or with a lalo compress (Adam 1962; Kerharo and 
Adam 1974; Quimby and Persinos 1964; Thoyer 1986). In Tanzania the stem-bark 
and leaves are boiled with meat and used against a condition locally known as 
kambaku, resembling sinusitis (Hedberg et al. 1982). 

In Senegal enteritis (due to dust, fungi, etc.) is treated either by bathing in lalo or with 
a decoction of crushed seeds, or the fruit pulp in water (Kerharo and Adam 1974). 

Inflammations in both West and East Africa are treated with applications of com- 
presses of lalo or pounded leaves, warm lotions of boiled leaves, fumigations with 
burning leaves, or compresses made from a mash of roasted and crushed seeds (Dalziel 
1937; Adam 1962; Kerharo and Adam 1974; Thoyer 1986; Abbiw 1990; Hines and 
Eckman 1993). 

Baobab leaves are also used in Madagascar for treating ophthalmia (Pernet 1957). 


2.9 Injuries 


The gum and a powder scraped from the outside of the baobab fruit are used for cleans- 
ing wounds and sores and promoting granulation (Dalziel 1937; Thoyer 1986). 
Wounds are treated in Senegal with baobab gum or compresses of a lalo decoc- 
tion (Kerharo and Adam 1974); similarly, the local people in Mali bathe wounds in 
a decoction of baobab leaves or gum diluted in water; abscesses are treated with a 
poultice of pounded and boiled leaves (Dubois 1933; Thoyer 1986). A poultice of 
leaves crushed in hot water is used in Nigeria for healing circumcision wounds 
(Owen 1970; Ghani and Agbejule 1986). Wounds may also be treated with an 
application of a seed paste (Thoyer 1986; Le Grand and Wondergem 1987). 


2.10 Mental Disorders 


The root of A. digitata is used for the treatment of mental disorders in the 
Toucouleur region of Senegal; during the ceremony the head of a cock is also sac- 
rificed (Kerhero and Adam 1964a, 1974). In Tanzania, mental disorders are treated 
with a draught of unspecified parts of the baobab (Haerdi 1964). In Zimbabwe, a 
tisane containing baobab root, bark and leaves, together with leaves of Myrothamnus 
flabellifolia, is given for ‘confusion’ (Mueller 2005). 
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2.11 Metabolic System Disorders 


The bark of A. digitata is diaphoretic and in local medicine is either placed in steam 
baths or drunk as a lalo to treat high fever (Oliver 1959; Kerharo and Adam 1974; 
Samuelsson et al., 1991; Kokwaro 1993). Baobab leaves are diaphoretic, but are 
also used as an anti-diaphoretic to reduce excessive perspiration (Hooker 1840 fide 
Hedrick 1972; Dalziel 1937; Oliver 1960; Watt and Breyer-Brandwijk 1962). 

In the Sudan and Senegal baobab pulp in water or milk is drunk as a refrigerant 
(El-Hamidi 1970; Kerharo and Adam 1974), ‘prepared by breaking off a piece of 
the shell, pouring in water, stirring to loosen and mix the pulp, and then boiling the 
emulsion to make a beverage that is taken cold’ (Dalziel 1937). 


2.12 Musculo-skeletal System Disorders 


Rheumatism is treated in Senegal with a lalo decoction (Kerharo and Adam 1974), 
while in Tanzania the seed oil is used as a lotion to relieve aches and pains, and to 
treat rheumatism (Hines and Ekman 1993). In Kenya the decoction is drunk to cure 
body pains and a bark decoction used for bathing weak infants (Samuelsson et al. 
1991; Kokwaro 1993). The fruit pulp is used in Mali to reinforce the synovia 
(Gustad et al. 2004). 

In Senegal and Mali people take advantage of the emollient properties of a 
draught of fresh A. digitata leaves steeped in water as a blood cleanser for treating 
backache and general fatigue, and as a tonic (Boury 1962). The bark is used in 
Benin for treating pains in the lower lumbar region (Codjia et al. 2001). The inhab- 
itants of Saakpuli, in northern Ghana, treat unspecified chest complaints with bark, 
which may only be removed from the east and west facing sides of a baobab trunk 
(Okoro 2000). 

In India bark and leaf decoctions, as well as fruit pulp mixed with water, are 
applied externally for rheumatism (Conway 2001). 


2.13 Neoplasms 


In West Africa leaf decoctions of A. digitata are used for treating tumours (Sébire 
1899; Pobéguin 1912; Hartwell 1968). 


2.14 Nervous System Disorders 


The fruit pulp is used in Mali for neural complaints (Gustad et al. 2004). 
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Epilepsy is treated In Benin with the roots of A. digitata and leaves of other 
plants (Codjia et al. 2001), while in Madagascar the bark of A. madagascariensis 
is used (Jenkins 1987). 


2.15 Nutritional Disorders 


The Wolof of Senegal treat kwashiorkor with a mixture of the powdered roots of 
A. digitata, Acacia albida, Bauhinia rufescens, Waltheria indica, Mitracarpus 
villosus (syn. M. scaber) and the leaves of Chrozophora senegalensis in milk; the 
same draught is also recommended for pellagra or fox-evil (Kerharo and Adam 
1974). The Chewa of southern Malawi also treat kwashiorkor by drinking an infu- 
sion of baobab root (Morris 1996). 

In Senegal Kerharo and Adam (1974) report the use of baobab bark as a remedy 
against rickets and as a tonic. A decoction of the bark is also used in the Republic 
of the Congo and East Africa to bathe rickety children. A root decoction is given 
as a tonic for lassitude and as a strengthening medicine (Bouquet 1969; Kokwaro 
1993; Morris 1996); Baerts-Lehmann 2002). The pulp is eaten as an appetiser in 
Benin (Codjia et al. 2001), while in Namibia the pounded seeds are used as a tonic 
(Mshigeni and Hangula 2001). 

Gelfand (1957) stated that David Livingstone successfully treated indolent sores 
with poultices of powdered baobab leaf and considered that Livingstone’s ulcers 
may have been of dietetic origin (Carr 1958). The Chewa of southern Malawi treat 
vitamin C deficiency by eating pulp (Morris 1996). Duchassaing (1848a) consid- 
ered the pulp to be an appetiser. 

In Benin, a decoction known as tutonakankount is prepared from baobab leaves 
crushed in boiling water to which a few grammes of potash are added; it is used to 
cure iron and calcium deficiencies (Codjia et al. 2001). 

The pulp of A. gregorii is also reputed to be antiscorbutic (Bennett 1860; 
Bentham and Mueller 1863; Armstrong 1983; Jones 1976). Indeed, during the 
North Australian Exploring Expedition of 1855—1856, Thomas Baines fed boab 
fruits to the crew of the Тот Tough to cure them of scurvy. Baines boiled the pulp 
with sugar and made ‘an agreeable jam’ and within a few weeks of the addition of 
boab pulp to their diet the scurvy sufferers recovered (Braddon 1986). Although 
Baines had not seen a baobab tree before he arrived in Australia he had been pre- 
sented with two fruits while travelling in South Africa (Baines 1864) and was 
aware of some of its properties. He probably recognised the similarities between 
the fruits of African and Australian baobabs. (See Chapter | for further details). 


2.16 Pain 


The bark, leaf, fruit rind, pulp and seed are used in India for relieving pain 
(Yoganarasimhan 1996). 
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2.17 Poisoning 


Symptoms of toxic hepatitis, toxic nephritis and toxic myocarditis have been 
observed in children in Ghana given root decoctions from the shea butter tree 
(Vitellaria paradoxa) taken orally or as an enema. Similar toxic effects have been 
observed with medications made from Anogeissus leiocarpus, Ficus sur (syn. F. 
capensis), Securindaca longepedunculata, Indigofera bracteolata and Sterculia 
setigera combined with A. digitata (Neuwinger 1996). 

In many parts of Africa there is a common but unconfirmed belief that baobab 
bark, pulp and seeds are an antidote to Strophanthus spp., an arrow poison (Christy 
1878; Watt and Breyer-Brandwijk 1962). Thus, in Tanzania, a specially delegated 
member of any Shangaan hunting party is made responsible for carrying some 
baobab bark, pulp and seeds (Stover 1970, personal communication). In both Senegal 
and Malawi, hunters squeeze the sap from baobab bark into the wound of an animal 
killed by a poisoned arrow to neutralise the poison (Lloyd 1897; Adam 1962; 
Neuwinger 1996). According to Verdcourt and Trump (1969) the active principle of 
the arrow poison is strophanthin, consisting of a mixture of glycosides, including 
K-strophanthin B, cymarin, etc. ‘Adansonin’, present in the stem-bark is considered 
to have a cardiotonic effect (Kerharo and Adam 1974; Hedberg et al. 1982), while the 
tannins in the baobab bark precipitate the glycosides (Kreig 1965). 

In Malawi, hangovers and constipation are treated with a traditional drink 
known as dambedza, made by soaking fruit pulp in water (Anonymous 2004e). 


2.18 Pregnancy, Birth and Puerperium Disorders 


Two treatments from the baobab are used in Nigeria to prevent post-coital seminal 
expulsion during visits to the toilet. A decoction, prepared from baobab stem-bark 
and a sliced lime fruit (Citrus aurantifolia), is boiled in a clay pot with fermented 
maize water. Half a glassful of the mixture is drunk three or four times a week. 
Alternatively, the finely powdered, burnt ashes of baobab fruit and a pod of 
melegueta pepper (Aframomum melegueta) are placed in a bottle containing honey. 
One teaspoonful is taken in water once a day for 7 days (Elujoba 1995). 

Pregnant women in Malawi drank baobab juice made from fruit pulp mixed with 
water (Anonymous 2004e). Australian Aboriginal mothers with newborn babies 
also used to drink boab fruit pulp crushed into water (Batty 2002). 

Baobab roots and flowers have unspecified gynaecological applications in 
Mali (Gustad et al. 2004). In Benin the flowers are used to speed the ejection of 
the foetus (Codjia et al. 2001). In Tanzania the Maasai use the bark and leaves 
for treating afterbirth retention (Baerts-Lehmann 2002). Mukamuri and Kozanayi 
(1999) reported that pregnant women in Zimbabwe use the bark from mature 
baobabs to enlarge their birth canals in order to reduce pain during delivery. In 
India, to relieve delivery pains, pregnant women bathe in water in which baobab 
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bark has been boiled (Reddy et al. 2002b). The Wolof of Senegal use a mixture 
of the powdered roots of A. digitata and Sterculia setigera plus bulrush millet 
bran (Penisetum glaucum) to stimulate lactation (Kerharo and Adam 1974), while 
in Mali, the fruit pulp is eaten to stimulate lactation (Gustad et al. 2004); the 
seeds are similarly used in Benin (Codjia et al. 2001). Excessive or lack of milk 
is treated in Togo with macerated baobab pulp and seeds plus the seeds of bulrush 
millet (Adjanohoun et al. 1986). Obizoba and Anyika (1994) investigated a 
30:70% mixture of fermented baobab pulp and hungry rice (Digitaria exilis) 
flours as a milk substitute for babies and for treating milk allergies and galactos- 
aemia (deficiency of an enzyme essential for galactose metabolism). They found 
the mixture contained more protein than human or cow’s milk and most com- 
mercial infant feed formulas. The composite flours were also more nutritious than 
the constituent baobab and hungry rice flours. 


2.19 Respiratory System Disorders 


In Togo baobab root-bark is used against asthma (Ananil et al. 2000).) The leaves 
boiled in water and drunk warm with sugar are widely taken in Africa for treating 
coughs, asthma and respiratory problems, and as an expectorant (Adam 1962; Thoyer 
1986; Hines and Eckman 1993; Diallo et al. 1999). Infusions of the leaves and flow- 
ers may also be drunk (Dalziel 1937; Adam 1962; Quimby and Persinos 1964; Watt 
and Breyer-Brandwijk, 1962; Owen 1970; Kerharo and Adam 1974). In Tanzania 
fruit pulp mixed with honey may be taken for coughs (Hines and Eckman 1993), and 
in India the pulp is taken with figs for asthma (Dymock et al. 1890). In a clinical trial 
2.0g of pulp dissolved in water and taken thrice daily for 15 days provided prompt 
relief for bronchial asthma. Continued treatment did not prevent subsequent attacks 
although the severity was much reduced (Karandikar et al. 1965). 

In South Africa the powdered seeds are used in local medicine to treat infants 
and children with hiccups (Watt and Breyer-Brandwijk 1962). 


2.20 Sensory System Disorders 


In West Africa ear and eye complaints are treated with a decoction of powdered 
baobab leaves (Dalziel 1937; Pernet 1957; Adam 1962; Owen 1970; Kerharo and 
Adam 1974; Abbiw 1990). Infusions of the leaves and flowers may be applied to 
inflamed eyes (Dalziel 1937; Pernet 1957; Adam 1962; Owen 1970). A decoction 
of young baobab saplings from which the bark has been stripped is also used for 
the bathing eyes (Sébire 1899; Dalziel 1937; Owen 1970; Kerharo and Adam 
1974). The funicles are used in Mali to treat eye diseases, and the bark to improve 
night vision (Gustad et al. 2004). 
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2.21 Skin and Subcutaneous Cellular Tissue Disorders 


Kerharo and Adam (1974) report the use a lalo from A. digitata leaves in Senegal 
as an emollient for internal or external use. The leaf decoction also serves as an 
astringent (El-Hamidi 1970). 

In Somalia head skin diseases are treated by daily applications for 3 days of two 
spoonfuls of powdered fresh or dried baobab leaves mixed with an equal quantity 
of oil (Samuelsson et al. 1991). 

A white, semi-fluid, odourless, tasteless, acidic and insoluble gum is obtained from 
baobab bark wounds and widely used for cleaning wounds, burns, sores and ulcers 
(Watt 1885; Kerharo and Adam 1974; Burkill 1985; Hines and Eckman 1993). 

Sores may be treated in Senegal with an application of a baobab seed compress, and 
ulcers with powdered epicarp (Kerharo and Adam 1974; Le Grand and Wondergem 
1987). Leaf decoctions are applied to ulcers in Tanzania (Hines and Eckman 1993). 

Dried baobab pulp administered with water provides relief from the severe itch- 
ing of allergic dermatitis and urticaria (Anonymous 1985). Baobab seed oil is made 
into a lotion in Tanzania to treat skin complaints such as eczema and psoriasis 
(Hines and Eckman 1993), and is a constituent of European therapeutic cosmetics 
(Gruenwald 2005). A poultice of ground baobab seed and sunflower oil may also 
be applied to acne, furunculosis and psoriasis (Baobab Fruit Company 2003a, b). 

In a clinical trial in India, allergic dermatitis and urticaria were effectively treated 
with a draught of 2.0g of baobab fruit pulp dissolved in a glass of water and taken 
thrice daily for 3 days (Karandikar et al. 1965). Decoctions of the bark, leaf and fruit 
pulp in water are also applied externally for skin disorders (Conway 2001). 

All parts of A. madagascariensis contain mucilage and are employed as emol- 
lients (Heckel 1903). 


2.22 Unspecified Disorders 


In Mali the indumentum of the baobab fruit capsule is used to treat unspecified 
children's complaints; the pericarp is used for ‘turgidity’ (Gustad et al. 2004). 

The Aborigines of northern Australia rub small or unhealthy children against the 
trunk of A. gregorii to give them strength (Wightman 2002, personal communication). 


3 Veterinary Medicine 


The veterinary uses of the baobab are poorly documented. However, a useful data 
bank has been produced by the Laboratoire de Botanique Médicale of the Univertsité 
de Louvain-la Neuve (Baerts-Lehmann 2002) on both traditional human and veteri- 
nary medicinal plants and is freely available for consultation on their web site. 
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3.1 Abnormalities 


Swelling of the joints (hygroma) is treated in Mali by massaging the joints with a paste 
made from two handfuls of baobab fruits and half a handful of peppers (Capsicum 
annum) mixed with water. A cure should take place in 8 days (Baerts-Lehmann 2002). 


3.2 Digestive System Disorders 


Ruminants with diarrhoea may be fed powdered baobab leaves mixed with water. 
In Senegal and Burkina Faso diarrhoea in cattle is treated with an infusion of the 
fruit given orally; in Burkina Faso, the boiled pulp is given with millet cake; in 
Nigeria cattle and sheep are given a drench of powdered leaves. 

Constipated cattle in Mauritania are given a drench of macerated leaves. In Mali 
horses with stomach pains or constipation are purged with an oral application of 
powdered baobab leaves or the bark of the baobab and Balanites aegyptiaca. Cattle 
with bloat are treated with a bark decoction. The treatment is discontinued if diar- 
rhoea occurs (Baerts-Lehmann 2002). 

An infusion of bark is given in Togo to treat diarrhoea in chickens (Lobi 1984 
ex El Hadji Fallou Guéye 1997). 

In Nigeria, cattle that have lost their appetite or are in need of a tonic are treated 
by adding powdered mesocarp and endocarp to the food or, after maceration, to the 
drink (Baerts-Lehmann 2002). 


3.3 Genito-Urinary System Disorders 


In the Sudan, the Nuer treat genito-urinary infections of cattle with a daily drench of 
chopped baobab bark soaked overnight. The treatment takes 4 weeks (Fison 2002). 


3.4 Infections and Infestations 


In the Dori region of Burkina Faso, the Peul treat brucellosis in cattle by binding a 
cord woven from baobab bark (or Dichrostachys cinera) round the legs or horns of 
the animal. The binding is often accompanied by an incantation (Peverelli 2003). 
Parasitic protozoan blood diseases, e.g. African bovine trypanosomiasis and 
babesiosis (piroplasmosis), are treated in Mali with one cup of powdered leaves, 
millet and potash or a decoction of the fruit with or without leaves of either 
Mitragyna inermis or Anogeissus leiocapus every morning, and fumigation with 
the seeds of Gossypium sp., Guiera senegalensis, the stem-bark of Acacia sp. and 
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the sap of Commiphora africana. Loss of appetite in horses resulting from 
trypanosomiasis is treated with a feed of powdered baobab leaves, salt and millet. 
Cattle with trypanosomiasis in Nigeria are given an aqueous drench of powdered 
baobab leaves and salt (Atawodi et al. 2002). 

East Coast fever (theleriasis) in cattle is treated in Kenya with an oral application 
of pounded leaves and fruit with salt. Cattle plague (rindepest) is treated in Senegal 
with an infusion of the fruit taken orally (Baerts-Lehmann, 2002). Poultry with 
fowl cholera and Newcastle disease are given free access to broken baobab fruit 
added to their drinking water (Nwude 1986; Bizimana 1994 ex El Hadji Fallou 
Сиёуе 1997). 


3.5 Immune System Disorders 


In Senegal, camels with lymphatic swellings are treated with a mixture of the shell 
of baobab pods, buds of Borassus aethiopum (syn. B. flabellifer) and Cocculus 
pendulus (syn. C. leaeba). The ingredients are roasted until black and then pow- 
dered. Three handfuls of the mixture in 31 of water are either given as a drench or 
poured into the nostrils (Baerts-Lehmann 2002). 


3.6 Injuries 


In Nigeria, cuts, etc. in camels are dressed with pounded baobab apical shoots and 
leaves. The powdered shell with gum is used in Ivory Coast for cicatrising wounds. 
Powdered bark is applied to harness sores in horses (and presumably donkeys) in 
Senegal and Mali. In Mali, the horses may also be fed pounded leaves (Baerts- 
Lehmann 2002). 


3.7 Nutritional Disorders 


In West Africa, small quantities of coarsely pounded baobab leaves are fed to 
horses to act as a tonic and *blood-maker'. When given in large quantities the leaves 
are reputed also to keep the horses in good condition without fattening (Lely 1925; 
Dalziel 1937). 

Baobab fruit mesocarp and endocarp soaked in a gruel to which animals have 
free access are given to promote appetite and growth. Alternatively the powdered 
mesocarp and endocarp are added to the feed. 

An infusion of the wood of A. madagascariensis or A. za is used in Madagascar 
for the superficial fattening of cattle (Heckel 1903; Pernet 1957). 
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3.8 Poisoning 


Small quantities of coarsely pounded baobab leaves are fed to horses for treating 
subcutaneous swellings caused by insect bites (Lely 1925; Dalziel 1937). 


3.9 Pregnancy, Birth and Puerperium Disorders 


Cattle, sheep and goats in Burkina Faso with retained afterbirth are treated with a 
decoction of baobab bark, leaves and water. In Mali, a filtered unspecified baobab 
decoction with added salt is similarly used for treating cattle; the Maasai use the 
bark and leaves for this purpose in Tanzania (Baerts-Lehmann 2002). 


3.10 Respiratory System Disorders 
Cattle with respiratory problems are treated in Mali with a preparation made from 
baobab roots (Baerts-Lehmann 2002). 


3.11 Skin and Subcutaneous Cellular Tissue Disorders 


Boils and ulcers in cattle, sheep and goats are treated in Mali with roasted dried 
baobab pods mixed with karaté (Vitellaria paradoxa) butter. The shoot apices and 
leaves are used in Nigeria for dressing lesions on cattle with skin diseases. 

The powdered baobab shell plus gum is used as an astringent in the Ivory Coast 
(Baerts-Lehmann 2002). 


3.12 Unspecified Disorders 


In Mali, horses with dizziness or staggers are fed macerated baobab roots on an 
empty stomach (Baerts-Lehmann 2002). 


Chapter 6 
Other Uses of the Baobab 


The use of a plant is, like that of any other product, governed by custom, need and 
availability. Thus, the indigenous population of Gabon made little use of the 
baobab, which had been introduced, because they were unfamiliar with its qualities 
(Walker 1953). The choice of what is used reflects the quantity and seasonal 
availability, the economics in monetary or non-monetary terms, and the relative 
advantages and disadvantages of the available alternatives. The baobabs are no 
exception to this law of supply and demand. Thus, because of its relative rarity the 
baobab is little exploited in Dhofar, Oman (Miller and Morris 1988), while in 
Madagascar, despite their relative abundance, the baobabs have fewer uses than the 
baobabs in Africa and Australia. 

In order to understand these regional differences it is necessary to consider 
the cultural development of a nation before the influence of European culture. 
In Africa the baobab is widespread through the savannas and semi-arid 
regions. The range of uses and demands on the baobab increases towards the 
semi-arid regions of the Sahel and Kalahari because there are relatively few 
alternatives available. 

The first inhabitants of Madagascar are believed to have arrived from 
Indonesia in the 2nd century BC (Straka 1996), although some writers claim that 
they did not come until AD 300-800. It was then a fertile and well-vegetated 
country, agriculture was productive and the people relatively sophisticated. The 
relative abundance of natural resources meant that the baobabs were not a vital 
resource, and this is suggested as the reason for the relatively little use made of 
them. The eight species of Adansonia are sufficiently similar for the Madagascar 
species to have all or most of the same potential uses as A. digitata and A. 
gregorii, had there been a need. 

The Australian Aborigines, like the Bushmen of the Kalahari, are hunters and 
gatherers, and tended to fully exploit, but not over-exploit, the natural resources 
available within their tribal areas. 

Given these cultural differences, the similarity of uses found between the differ- 
ent regions is surprising; the Australian Aborigines, for instance, are believed to 
have had no previous contact with the inhabitants of Africa and Madagascar. 
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1 Landmarks 


By its sheer size the baobab dominates the landscape, especially in regions devoid 
of other prominent features. A watercourse is often visible from far away, its outline 
marked by a row of baobabs (Kondor 1990a). They act as signposts for both local 
inhabitants and strangers. The early explorers of Africa and Australia often used to 
carve their names or initials on the trunks of baobabs. Such early carvings are of 
considerable historical interest although present-day graffiti are to be deplored. 

In the past the administrative status of the baobab in the Sudan was as high as its 
value as a water cistern. It formed the basis of village life; it was where people met 
and where posters were displayed. No boundary could be demarcated, no site of a 
new village established, or transfer of individuals considered without reference to 
the baobab (Blunt 1923; Newbold 1924a; Parr et al. 1924). Individual trees were 
even marked on the 1:250,000 maps of the Sudan. 

A. digitata was introduced by Arab traders to northern Madagascar and was 
often planted in the centre of villages, where it sometimes persisted after the village 
had disappeared. The place name Anaboringy (home of the baobab children) near 
Soalala, is an example of such a lost village (Perrier de la Bathie 1955). 

In St. Croix, West Indies, the Grove Place baobab in the centre of the village 
serves not only as a meeting place but also as a notice board (Rashford 1991). 
Doubtless other village baobabs elsewhere are also used. 


2 Shade and Street Trees 


It was in Dogon Daji, northern Nigeria that I first appreciated the shade offered by 
the village baobab. It was where groups of men were wont to gather during the day 
to sit and talk; at dusk women brought dishes of sweetmeats and other delicacies to 
sell by the light of tiny flickering oil lamps manufactured from condensed milk tins. 
At Saakpuli, in northern Ghana, Okoro (2000) noted that a massive baobab in the 
centre of the town was the resting place for the residents and their livestock. It 
served as the community's meeting place and was also home of the communal 
mortar. The baobab provides a wonderful shade for both man and beast, especially 
in drier areas such as Botswana, where it is often the only large tree. 

Avenues of A. digitata that have been planted in a number of towns, including 
Malakal, Sudan (Struvé 1925) and Messina, South Africa. Those at Messina are 
3—6m tall, and many of them flowered when they were 17 years old and бт high 
(Cashel 1995). While the foliage provides excellent shade the shallow, wide-spreading 
roots must eventually undermine neighbouring buildings and disturb tarmac road 
surfaces. A. digitata is planted as a shade tree in Java (Verheij and Coronel 1991). 

In Madagascar the Arabs planted A. digitata in a number of towns, such as 
Mahajanga. The trees’ original purpose is not known; they now serve as shade trees 
and billboards. 1? Ауепџе des Baobabs’ near Morondava is a famous tourist 
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attraction. This is a more or less straight road passing through a natural stand of 
towering A. grandidieri. 

In Australia the shade of a boab was a centre for various Aboriginal domestic and 
ceremonial activities. The numerous artefacts that can be found there bear witness 
to a culture that has all but disappeared. Even today it is possible to find the stone 
slabs used by Aborigines as they sat in the shade and pounded the pods, and stone 
chips from the manufacture of spearheads (Crawford 1968). Despite their attraction, 
Mary Pandilo warns of the dangers of sleeping under a boab. ‘Especially rain time, 
the snake stop on top too, yeah. And they can fall on top of you’ (Lowe 1998). 

Broome has some mature boab specimens, planted in the late 19th and early 20th 
centuries. As recently as the 1980s, boabs from the Logue River were uprooted to 
line the streets of the town (Lowe 1998). 


3 Water Storage 


The use of baobab as cisterns for the storage of water against the long dry season 
appears to have developed independently in the more arid areas of tropical Africa, 
Madagascar and Australia 


3.1 Africa 


The 14th-century traveller and geographer, Ibn Battuta, described how water was 
stored in naturally hollowed trunks of A. digitata in Mali (Ibn Battuta 1929). 
Hollows may also be excavated through small holes in the trunk which are then 
corked so that water can collect from the spongy bark and readily be drawn off 
when required (Burkill 1985). 

The trees are similarly used in east central Darfur and Kordofan Provinces of the 
Sudan for storing water today. The construction of these cisterns is vividly described 
by Nachtigal (1971) as follows: 


At the spot where the trunk begins to divide into its main branches, an opening is made 
above one of the branches at about half the height of a man — the man who draws the water 
will later stand on the branch and ladle the water out as from a well. As soon as the opening 
seems wide enough to let a man through, it is finished off in breadth and depth. The wood 
is so soft and rotten that by strenuous work a man can hollow out a whole tree in three or 
four days [3 weeks fide Parr (1924)], according to its circumference. The outside of the tree 
to a thickness of about 30cm is left undamaged, and its growth does not suffer in any way. 
As soon as the chips are removed from the hole, the whole inner surface is tarred 
[a vegetable ‘tar’ from the fruit of Citrullus colocynthis] and the well is ready. It is customary 
for a large caravan to buy the contents of a whole tree. After everybody has taken his water 
requirements from it, anything left over belongs to the original owner. If the water is 
scarcer, as in the summer months shortly before the rainy season, or if the rainfall has been 
poor, one camel load costs 1 to 2 dollars, but in favourable conditions it is correspondingly 


104 6 Other Uses of the Baobab 


cheaper. The ground is cleared around the tree to a distance of 3 to 7m, and hollowed out 
level against the tree to make it easier to hold the water. As soon as rain falls the inhabitants 
hasten to fill the tree with water. They are personal property and may be inherited and sold. 
The water has an unusually sweet taste. 


Nachtigal’s observations made in 1874 are also true today. However, at Foga in 
Darfur, just across the border from Kordofan, Dr. Johannes Pfund (1813—1876), the 
naturalist accompanying the Egyptian Military Expedition to Kordofan and Darfur 
in 1875-1877, noted that the baobab trunks in Darfur, unlike those in Kordofan, 
were not artificially hollowed out for water storage (Wickens 1970) because of 
adequate wells in the area. Interestingly, it was this expedition’s reports that encour- 
aged Nachtigal to make his trans-African journey. 

Drar (1970) noted that the branches of such trees were pruned to improve the 
trees’ stability during stormy weather; I have heard similar reports, although in 
West Africa the pruning is done to harvest the leaves for food. 

Thompson (1930) described how the hollowed trunk is filled, with one man at the 
base of the trunk filling a skin bucket (dilwa, Arabic) from a shallow depression 
excavated at the base of the tree to collect surface run-off. A second man perched 
near the opening in the trunk lifts with a rope and tips the water into the trunk. Once 
the tree is filled the orifice is covered with a mud cap to exclude insects and other 
animal life. Travellers are charged for any water they require. Anonymous (1910) 
described the bucket and how it is used to draw the stored water. It consists of a piece 
of leather suspended by 15cm long strings from a wooden hoop, to which the rope 
used for drawing the water is fastened by three or four strings. On reaching the bot- 
tom of the well the dilwa opens and collects water, however little there may be. 

It is claimed that a medium sized tree may hold 1,8001 while a large tree could 
contain 9,0001. The Kordofan baobabs were reputed to hold sufficient drinking water 
for 700—800 men and animals or 2,000—3,000 men, which Pfund confirmed for a hol- 
lowed trunk of a baobab 22.5 m in diameter and hollowed out to a depth of 5m 
(Wickens 1970). Nachtigal (1971) calculated that the baobabs held between 30 and 
100 camel loads of water, a load being estimated as about 4 centners (about 200 kg). 

The water so stored was reputed to remain sweet until the end of the hot weather, 
or for several years provided the opening was kept well closed. However, medical 
officers viewed the practice of storing water in trees with disfavour, claiming it 
provided a breeding ground for mosquitoes. This disfavour was also voiced by the 
entomologist Charles Sweeney (1969) who, on inspecting one such hollow baobab 
used by nomadic Arabs in the Nuba Mountains declared: 'Inside was a shallow 
pool of blackish, evil-smelling water, thick with mosquito larvae; there were even 
some tadpoles, while a few bats clung to the walls of the cool, damp interior. 

In western Kordofan every baobab (tebeldi) used for storing water has a name, 
invariably feminine, and is so listed in the merkaz (administrative district) registers, 
with some 33,000 names registered and, according to Newbold (1924a), *usually 
written in the vile calligraphy of a myopic fiki’. The great majority are compounded with 
Umm (mother) and a substantive, e.g. Umm Khiban (from khaban, meaning to store 
provender against a time of want), Umm Asal full of honey), Umm Tiyiir (home of 
birds), etc. The names range from the poetic and picturesque, e.g. Umm Fakha Khir 
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(mother of glories) to the frankly coarse, but they are always descriptive, e.g. 
Quweina (the upright) and Umm Tahy (the spreading). A large number of names 
are related to water, e.g. Umm Asiha (the flowing) and Umm Dhiranfa (the tearful), 
while Umm or El Lagai or Lagat is applied to that group of trees which, by the tilt- 
ing of the upper branches, are self-filling, while Ghair Mahfura means deeply hol- 
lowed) and so capable of holding large quantities of water). 

The practice of using water stored in baobabs is not confined to the Sahelian 
countries. In the Northern Province of Kenya hollow baobabs containing water were 
used by the ivory and slave raiders from Ethiopia to enable them to cross otherwise 
waterless terrain (Wickens 1979b, 1982a). Water stored in hollow baobabs was similarly 
utilised along an old trade route in north-east Zimbabwe used by the Portuguese 
travelling from their trading post in the Mutoko area to their Masapa post at Mount 
Darwin (Cashel 1995). The nomadic Hadza of northern Tanzania also used rainwater 
that collects in natural hollows in baobab trunks (Woodburn 1970). There are also 
records from early European travellers in Botswana that Bantu tribes used rainwater that 
collected in certain baobab trees. The spreading crown and enormous branches and 
trunk provide a large catchment area for filling any pockets at the base of the trunk or 
in the trunk (Story 1964). A chain-like avenue of baobabs stretches across the northern 
Kalahari to Namibia; some are hollow and during the rainy season water collects in 
these hollow trunks. Because the water is not exposed to the sun it does not evaporate 
quickly. The Bushmen suck water from the baobabs using sipping sticks made from the 
straight hollow stems of the herbs Kalanchoe rotundifolia and Leonotis microphylla and 
the grass Panicum kalahariense. Another stick is placed into a hole at the apex of an 
empty ostrich egg. After filling his mouth with water the Bushman ejects it down the 
second stick into the ostrich egg. Alternatively a hole may be drilled in the baobab and 
a bung inserted. There is a long-established tradition of punishment by death should a 
traveller omit to replace the bung and waste the precious water (Mogg 1950; Oliver 
1958; Story 1958, 1964; Van Der Post and Taylor 1984; Rashford 1986; Roodt 1995). 


3.2 Madagascar 


Hollows in the trunks of A. madagascariensis and A. za may be enlarged for use 
as cisterns, collecting any rain water running down the branches (Jumelle and 
Perrier de la Bathie 1912; Decary 1921; Guillaumet 1984; Kondo 1997). Water is 
said to be obtainable from the trunks of A. madagascariensis, A. rubrostipa, and 
A. za by ‘tapping’ a hole into the bark. Presumably the other species can be used 
in a similar manner. 

During times of drought cattle owners sometimes fell baobabs for fodder and 
moisture. The bark is then peeled off to enable the zebu cattle (Bos taurus, syn. B. 
indicus) to feed on the water-saturated spongy fibre or the felled tree is split in two 
to form a watering trough (Guillaumet 1984; Rabesandratana 1984; Fletcher 1994; 
Philipson 2002, personal communication); alternately, the tree may even be felled 
1m from the ground and the stump gouged to form a trough (Decary 1921). 
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3.3 Australia 


In northern Australia many litres of quite sweet water collect in hollows formed 
where the branches fork. Aborigines use this as an emergency source of water, reach- 
ing it by driving pointed stakes into the trunk to form a ladder (Basedow 1925). 

During the 19th century certain baobabs along the police track through the 
waterless scrub between Derby and Hall’s Creek even had jam-tins attached to a 
piece of string to enable travellers to drink from the hollows. It is also said that 
water can be sucked or wrung from the moisture-rich wood. Now many of the local 
Aborigines have forgotten how to obtain water by this method. However, Gordon 
Barunga from Mowanjum remembered. A metal-bladed tomahawk (formerly a 
stone axe or knife) was used to mark out a section of the bark, cutting through to 
the underlying white wood, which was then loosened and strips pulled away. The 
strips were chewed to extract the moisture and the fibre spat out after it had been 
sucked dry. Sometimes the roots of very young trees were dug up and chewed, 
which was certainly easier than cutting into the bark of a mature tree (Gregory 
1858; Bennett 1860, Jackson 1868, Fitzgerald 1918; Hill 1940; Gardner 1923; 
Froggatt 1934a, b; Armstrong 1983; Jones 1976; Isaacs 1987; Aboriginal Communities 
of the Northern Territory 1993; Lowe 1998). 


4 Shelter and Storage 


Many Africans believe that the baobab is untouched by lightning and that the tree 
is, therefore, a safe refuge during thunderstorms. Foresters, however, say that the 
tree is commonly struck by lightening, not because it is a good conductor, but 
because it emerges above the surrounding trees (Cashel 1995). 

At Grand Galarques, Senegal, a hollow baobab with a carved entrance was used 
as a meeting place (Cooke 1870), while in Mali, Ibn Battuta (1929) noted that a 
weaver had set up his loom in a hollow baobab. Elsewhere in West Africa hollowed 
baobabs have been used as shelter from storms (Mollien 1967), stables (Guy 1971) 
and as a garage for a car. In the Sudan a baobab at Kurmuk in Al Wasa (Blue Nile) 
Province, was used as a government petrol store during the 1930s (Fig. 5). 

In East Africa trunks may be hollowed out to provide shelters and storage rooms 
(Watt and Breyer-Brandwijk 1962) but more varied use occurs in southern Africa. 
Livingstone, in his explorations of Mozambique, records the use of baobabs as 
dwellings. It is quite common to see hollow trees thus used; Livingstone recorded 
one large enough to permit 20—30 men to lie down and sleep inside (Livingstone 
1857). Bushmen in Botswana also used hollow baobabs as semi-permanent dwellings 
(Guy 1971). 

In Zimbabwe a large hollow baobab growing on the old Birchenough Bridge road, 
near the Devure [Devuli] River, was used as a bus shelter, with room for 30-40 
travellers within its massive 21.05m circumference. On the trunk, amidst various 
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Fig. 5 Adansonia digitata near Kurmuk, Sudan; the hollow trunk was used as a petrol store. 
(Reproduced with the kind permission of Durham University.) 


carved initials, is the date 1894, inscribed by a member of the Moodie Trek when it 
was blazing its trail to Chipinga and Chimanimani (formerly Melsetter). The route 
has been realigned and the new bridge across the Devure is now 1km upstream. 
Nowadays the tree offers shelter to young herd boys and elderly men making reed 
mats (Mullin 2002, 2003a). Near Mutare [Umtali] the Roads Department used a 
baobab for the storage of wheelbarrows and other implements. A tree in the Triangle 
Sugar Estates was fitted with crude ladders so that it could be used as a watchtower 
for cane or veldt fires. In Mutoko an enterprising blacksmith set up his smithy in a 
commodious baobab. Likewise, in the Nyanga North Communal area a baobab serves 
as living quarters for a stone mason and another serves as a carpenter’s shop (Guy 
1971; Wickens 1979b, 1982a; Kondor 1990b; Cashel 1995; Mullin 2003a). 

In the Limpopo Province of South Africa hollow baobabs have been used as 
temporary dwellings, garages, and stores for implements and grain. Others have 
pegs driven into the trunk to form a ladder up which the local inhabitants climb to 
get away from lions or look for straying cattle (Schweickerdt 1935; Stapleton 1955; 
Green 1940); pegs were also used by the Hadza of Tanzania to climb baobabs in 
order to reach bee hives (Woodburn 1970). 
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The hollow trunk of a baobab on Chisumulu Island, Lake Malawi, serves as a 
bar. Similarly, in South Africa, near Leydsdorp (Leydsdorp no longer exists) the 
baobab’s hollow trunk was used as a cool room for a bar in a tin shack built beneath 
the tree’s canopy; an opening high up in the trunk created a cooling draught (Owen 
1970; Koeleman 1972). Another hollow baobab near Duiwelskloof is known 
locally as the Pub Tree. It was fitted out as a bar, complete with draught-beer taps 
and a fridge. It is still in use and has room for 56 people (Lewington and Parker 
1999; Pakenham 2004). Following the Barberton gold rush in the 1880s the baobab 
at Gravelotte on the road to Tzaneen was used as a pub, called by the landlord, 
Charlie Madros, the ‘Murchison Club’. Inside, the bar was said to be wide enough 
to serve 15 miners abreast. The tree still exists but is no longer a pub and the doors 
and windows are overgrown by new bark and tissue (Cashel 1995; Esterhuyse et al. 
2001; Pakenham 2002). Yet another tree was used as a dairy; others have served as 
post offices or places where letters were left for collection. A baobab near Mopane 
is known as the ‘post office tree’, so named because it has openings forming a door 
and a window but whether it ever served as such is not clear (Guy 1971; Hardy and 
LaFon 1982; Esterhuyse et al. 2001). 

The Mooketsi or Sebogo Baobab growing on Platland, a farm between Mooketsi 
and Duiwelskloof in Limpopo Province, has hollow twin trunks, and is capable of 
housing 25 people. At the turn of the 20th century this grand old tree had the dis- 
tinction of serving as livery stables for the stagecoach horses and mules travelling 
between Pietersburg and Leydsdorp. It later functioned as a smithy (Palmer and 
Pitman 1972; Cashel 1995). 

Estimated to be around 1,000 years old, the 8m diameter baobab at Outapi, 
Ombalantu in northern Namibia has had a chequered career. It was hollowed out 
and used as a hideout for some 30 people after their king had died, leaving them 
leaderless and subject to raids by other tribes. It is also said that a 2.5m long 
mamba (Dendroaspis sp.) had lived there. This tree was later used as a post office 
and then as a chapel (see below). During the War of Liberation the South African 
Army used it as a bar. A kindergarten is now run at the base of the tree (Mshigeni 
and Hangula 2001; Curtis 2002, personal communication). 

In Angola during the late 1970s an ancient baobab on the outskirts of Luanda 
was known as the black-market centre for US dollars and scarce food. The tree died 
in 1994 and the site has since become a large legitimate outdoor market (van 
Niekerk 1995b). 

In India, near the historic city of Hyderabad, a hollow baobab growing just out- 
side the Mughul fort of Golconda is said to be able to comfortably accommodate 
40 people. It has long been a hiding place for thieves and bandits and is still used 
by villagers as a shelter on cold winter nights (Chan 1999). Another hollow baobab 
at Panvel can accommodate up to six people, and is a favourite place for meditation 
by both Hindus and Muslims; students also come there to study. The hollow devel- 
oped some 20 years ago but now appears to be closing since the tiled floor (it was 
tiled 2 years ago) has started to rise and crack (Nair 2004). 

In Madagascar A. grandidieri have been hollowed out to house people (Bond 2002). 
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Similar uses have been made of A. gregorii in Australia. Boabs have served as 
dwelling places for homesteaders, temporary shelter, pub, store and post office (Hill 
1940). 


4.1 Flush Toilets 


Thomas Murray MacDougall was the renowned pioneer of the sugar industry in 
Zimbabwe and had a favourite camping site on the north bank of the Lundi River 
(now part of the citrus section of the Hippo Valley Estate). A large baobab domi- 
nated the site, within whose cavity MacDougall had his bathroom. 

Another closet is the famous Mubuyu Toilet at Katima Mulilo, in the Caprivi 
Strip. During World War II the then local Administrator, Major Allan Trollope, 
installed a luxurious porcelain pan, complete with a full flushing system, within the 
hollow trunk of a baobab situated in the grounds of his residence (Fig. 6). In the 1980s 
the South West African Police Force added overhead lighting and a lockable steel 
door (Wickens 1979b, 1982a; Guy 1971; Roodt 1995; Hart-Davis 1997). Yet 
another baobab toilet was in what is now the car park outside the immigration post 
at Kavimba in Botswana, about 50km from Katima Mulilo but, alas, no longer 
functions as such (Lowe 2000, personal communication). 

A hollow baobab in a private wildlife sanctuary at Kayla Lodge, Zambia has 
been fitted with a flush toilet and hand basin (Anonymous 20052). There is also an 
unconfirmed report of another baobab fitted out as a flush toilet by a former District 
Commissioner in Malawi. 


4.2 Prisons, Slave Markets and Places of Execution 


At Lokoja, Nigeria, a hollow baobab with a small opening at the base is known as 
Lugard's baobab, and was reputed to have once been used as a prison (Owen 1970, 
1974) — see Chapter 2 for further information. Hollow baobabs were formerly used 
as prisons in Tanzania (Wood 1950). In Kwe Kwe district, Zimbabwe, a hollow 
baobab was fitted with a door with a metal grill and padlock. The local mining 
company used it as a cell for loafers and other awkward types because the Police 
Camp was too far away (Cashel 1995). A baobab in the grounds of the police sta- 
tion at Kasane, Botswana, once served as a jail (Roodt 1995). Yet another hollow 
baobab in the prison compound at Kasane was used to house women, there being 
no female accommodation in the building. In 1967 the baobab disintegrated and 
was reduced to a stinking pulp in 2 weeks. When the site was revisited in 1977 a 
10m high shoot had risen from the stump (Henry 1980). 

Guy (1965) states that there were specially hollowed prison baobabs in Botswana 
from which there was no escape. He also claimed that many prisoners must have 
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Fig.6 The Mubuyu Toilet Tree at Katima Mulilo. (Photograph by D. Killick, December 1958; 
from Wickens 1982.) 


perished through neglect. A 500-year-old hollow baobab at Mtsamdou in Grande 
Comore also formerly served as the local lock-up (Penrith and Penrith 2000). 

The police in northern Australia are said to have once used the hollow trunks of 
a number of boabs as overnight lock-ups for Aboriginal prisoners. The Derby 
Prison Tree is one of these, although its use as a lock-up has been questioned (see 
Chapter 2 for details). However, there are records to show that the Wyndham Prison 
Tree, also known as the Hillgrove Boab, was used as a temporary lock-up from the 
1900s (Plate 4). It could house as many as 18 prisoners, 30 according to Hill (1940), 
while its 60cm thick walls and entrance fitted with an iron grille gave little chance 
for escape (Jones 1976; Cashel 1995; Lowe 1998). Near Fitzroy Crossing there is 
a boab around which Aborigines were chained together by their necks after being 
arrested for killing cattle on what they considered to be their land (Lowe 1998). 

Slaves were chained to the trunks and exposed roots of baobabs in the Saakpuli 
slave market, northern Ghana. Each of two of the sprawling roots had a hole in it, 
which was traditionally used for measuring the quantity of cowry shells paid for the 
slaves (Okoro 2000). 

In India executions by hanging are carried out from baobab trees (Cashel 1995). 
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4.3 Chapels, Churches and Shrines 


On 18 July 1881 a hollow baobab at Keren in Eritrea was consecrated as a Catholic 
shrine dedicated to the Virgin Mary and known as St. Maryam dearit (The Madonna 
of the Baobab). It was in this same tree that, in 1941 during World War II, three 
Italian soldiers sought refuge from British bombardment and escaped unscathed, 
despite massive shrapnel damage to the trunk (Gordon 2000). 

Ombalantu, Namibia, was a former South African army base during the 1966— 
1988 war against the Namibian freedom fighters and the baobab immediately 
adjacent to the former mess hall and bar served as a church. In 2002 the tree still 
contained a cross and seats. There is now a kindergarten at the base of the tree 
(Curtis 2002, personal communication; Mahr 2002; Watson 2002, personal 
communication). 

Baobab shrines sacred to the Inammen Tuareg of the Sahel are discussed in 
Chapter 2. 


4.4 Tombs and Graves 


In Senegal, the griots, outcasts of the Serer and Wolof societies, were denied burial 
in the soil or being thrown into the sea or rivers less they pollute the earth or water; 
they were suspended in hollow baobabs for mummification. In times of war the 
Asante people of Ghana used to bury their principal dead secretly in a baobab to 
prevent the enemy finding the bones and using them as a sign of victory. See 
Chapter 3 for further details. 

In Tanzania people who died from objectionable diseases were interred in 
hollow baobabs (Wood 1950). In Zimbabwe it is customary to inter deceased tribal 
chiefs individually in caves or walled-up rock overhangs whenever possible; 
conventional graves are rarely dug. Cashel (1995) cited an example from north- 
eastern Zimbabwe of the burial of a chief, together with a number of his personal 
belongings, in the walled-up hollow of a baobab when a suitable cave was not 
available. Commoners were obliged to share their final resting place, and were 
buried in communal graves within a commodious baobab. A story is told about a 
large hollow baobab in Mutoko District with a round opening about 2m from the 
ground. When a funeral is held two men climb through the hole and undertake the 
grisly task of laying the corpse amongst the skeletons of those who have already 
entered the Spirit World. After the undertakers have left, thorny branches are placed 
over the opening to prevent marauding animals from entering. 

Under a baobab used to be a popular site for burying Europeans. George 
Kilpatrick, assistant surgeon with Captain W.F.W. Owen's Surveying Expedition of 
1821—1825, who died in 1823, lies beneath a baobab in the mission station at 
Shupanga, Mozambique. Mary Livingstone, the wife of David Livingstone, was 
also buried there in 1862. Both were victims of fever exacerbated by alcoholism 
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(Owen 1833; Livingstone and Livingstone 1865). During the Slave Wars of 1887— 
1895, Pigott, a former gold prospector, died at Karonga in Malawi in 1888 and was 
buried under a baobab tree on the shore of Lake Malawi, formerly Lake Nyasa. 
Under a baobab just outside the Old Mission cemetery at Karonga is the grave of 
the Rev. Mathew Foulds, a former missionary there, who died in 1955. 

In Madagascar baobabs are sometimes hollowed out to form a living tomb for 
the dead (Stratton 1965). 

In Australia Basedow (1918) visited what is known as the Derby Prison Tree and 
wrote: "The natives have long been in the habit of making use of this lusus naturae 
[freak of nature] as a habitation; it is indeed a dry and comfortable hut’ (not so dry 
during the wet time as the ‘roof’ gapes open to the sky). He found ‘bleached human 
bones ... lying on the floor, which suggested that the tribe had also made use of the 
tree for disposing of the dead'. The anthropologist Kim Akerman found no contra- 
diction in the same place serving as both shelter and charnel house. He explained: 
*Most cave and rock living spaces were also used as repositories for bones, and 
provided the mortuary rites were properly conducted the bones at the conclusion of 
the ceremonies were perceived as only bones.’ Furthermore, ‘the bones of strangers 
were treated very off-handedly' (Lowe 1998). Hill (1940) noted that in the West 
Kimberley corpses were sometimes embedded in anthills or murder victims hidden 
in the trunks of hollow boabs. She even claimed that corpses were carried wrapped 
in paper bark (Melaleuca sp.) for weeks, and that on the trail, the bundle may be 
used as a pillow at night! 


5 Wood 


The wood of A. digitata is light, spongy and brittle and forms concentric layers that 
can easily be torn apart along the bands of axial parenchyma. On drying there is a 
volume decrease of 40% and a linear shrinkage of 15%. The density ranges from 
850-890kg m^? when wet to 209-320kg m^? when air-dry, i.e. a moisture content 
of 75.5-64.2% (Pardy 1953; Roodt 1995). The composition of air-dried wood is 
shown in Table 4. 

The large amount of mucilage present in the wood obstructs the drying process, 
so enabling the tree to withstand desiccation. The dead wood is not durable and 
fungi easily attack it. The Hausa epithet for the wood is fanko or good-for-nothing 
(Dalziel 1937; Pardy 1953; Roodt 1995). 

The wood is also difficult to cut; indeed, according to Livingstone (1857) it is so 
soft and spongy that an axe can be struck in so far with a good blow that there is 
great difficulty in pulling it out; with a weaker blow the axe may fail to penetrate 
and bounce back. However, during railway construction in Kenya it was found that 
the tree could be cut by anchoring one end of a steel cable, taking a turn around the 
tree and attaching the other end to a traction engine, which was then set in motion. 
The severed tree would be so balanced that it would remain standing, so that 
another rope had to be attached to the upper branches and the tree pulled over 


5 Wood 113 


Table 4 Composition of air-dried wood of Adansonia digitata from South Africa. 
(From Anonymous 1917b.) 


Composition Values 
Moisture 10.2% 

Ash 4.49% 
Cellulose 52.5% 

Yield of dry pulp after caustic soda extraction 48-50% 

Length of ultimate fibres (0.7—)1.5-2.5(-3.2) mm 


(Hobley 1922; Newbold 1929). Similarly, a cable between two caterpillar tractors 
was used to clear baobabs from the Zambezi valley during the construction of the 
Kariba Dam after other methods, including explosives and chainsaws had failed. 
With hindsight such a big and expensive clearance operation was unnecessary. The 
baobab is susceptible to flooding and eventually, after Kariba Lake filled, ‘all the 
unfelled baobabs promptly floated to the surface as dead as dodos' (Cashel 1995). 

Bulldozers were used for land clearing in Tanzania during the 1947-1950 
Groundnut Scheme for land clearance. While toppling baobabs was easy, moving the 
huge trunks into windrows was an enormous job; some tractors were smashed when 
trunks rolled back on them. Because standing baobabs took up less space than fallen 
ones, it was eventually decided to leave the remaining trees standing (Wood 1950). 

The trunks are unsuitable for planking but can be used for the construction of 
large and light dugout canoes (Adanson 1764; Ficalho 1884; Grisard 1891; 
De Wildeman 1903c), albeit liable to fungal decay. In Senegal, Adanson (1759) 
commented on the little dugout boats 3-10 m long, 0.30.7 m deep and pointed fore 
and aft, and although he did not identify the tree they were made from. The wood 
can also be used to make platters, trays and floats for fishing nets. Poles from pollarded 
trees have also been used in Zaria, northern Nigeria for house construction 
(De Wildeman 1903b; Pobéguin 1906; Woodrow 1910; Dalziel 1937; Pardy 1953; 
Adam 1962; Watt and Breyer-Brandwijk 1965; Sahni 1968; Owen 1970; Leger 1977). 

The wood can yield 40-50% of a light brown pulp that does not bleach well. 
Although the pulp can be used for making both wrapping and writing paper, the 
paper is opaque and hard. Although fairly strong, it had poorer tensile properties 
than paper made from the inner bark (Anonymous 1917b; Dalziel 1937; Burkill 
1935; Seabra 1948; Carvalho 1953). 

Baobab fibres were imported to Liverpool and Hull from Angola in the late 19th 
century but imports fell from 190t in 1887 to 2t in 1896 (De Wildemann 1903c). 
Transportation costs of such bulky material made it an uneconomic proposition 
(Anonymous 1917b). 

During the 19th century the local people of Zanzibar believed that the British 
used the baobab to make their paper money. Whether the story was true is uncertain 
(Anonymous 2002b). 

Despite favourable reports no UK paper-manufacturing firm would import the 
wood from Mozambique but a contract was taken up by a Norwegian company. In 
1917 a South African firm was granted the exclusive concession to manufacture 
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baobab pulp in Mozambique. However, attempts to exploit the wood for paper 
manufacture failed because of the cost of extracting the moisture from the turgid 
tissues and the heavy transportation costs of the light yet bulky wood (Anonymous 
1917a, b; Mogg 1950). A company was also formed in South Africa, a paper pulp 
factory erected in Limpopo Province and the pulp exported. The baobabs were pro- 
vided by the lease-holders of ten government farms with the stipulation that that no 
historic trees be felled and for every tree removed the lessee had to plant 24 baobab 
seeds and a certain number of truncheons (Anonymous 1928; Green 1940). Despite 
such efforts, Stapleton (1955) considered the baobabs in Limpopo Province of South 
Africa too widely scattered for economic use. Undeterred, a Mr. Ritter carried out fur- 
ther experiments and during World War II produced a quantity of Biotex ceiling board 
from baobabs in the Messina area. Fortunately, the South African authorities objected 
to the unjustified destruction of this most outstanding tree and the factory was closed 
(De Villiers 1951; Esterhuyse et al. 2001). The Forest Act of 1941 now protects the 
baobab in South Africa. All commercial attempts at paper manufacture in South 
Africa, Mozambique and Senegal have failed. If large numbers of baobabs were to be 
commercially exploited, the sustainability of populations would soon be threatened. 

Tests at the Forest Research Institute, Soba, Sudan, have shown that if the wood 
is left in water for about 2 months it will disintegrate, producing a long fibrous 
substance that could be used as a packing material (Sahni 1968). Again, there would 
be a problem in maintaining supply; however, there are insuperable transport 
problems due to the distance between potential sources of supply and major towns. 

The densities of Malagasy baobab woods, expressed as the ratio of dry weight 
to fresh volume, are shown in Table 5. 

The wood of A. grandidieri is spongy and moist, composed of concentric rings 
of fibre that probably correspond to ‘annual growth rings’. The fibrous rings are 
easily separated and the Malagasy collect them from withered, dead or healthy 
trees, dry them in the sun, and sell them in the local markets for roofing (Plates 7 
and 8). Wood from fire-killed A. rubrostipa in the vicinity of Morondava is used in 
a similar manner to that of A. grandidieri to make thatching tiles (Baum 1995b). 
In Berger (1979), an annotation by De Bry to a drawing that clearly corresponds to 
A. rubrostipa, mentions that the wood is used to make dugout canoes. Their dura- 
bility, like those made from A. digitata, (see above) is doubtful. 

In south-west Madagascar, sapwood (voroke) and bark of A. rubrostipa was used 
for the walls and roofing of the 1.5m high traditional rectangular huts (trano- 
boroke, tongalibaty) of the Mikea, and is still used for huts (baibo) in the cultivated 
fields (Stiles 1998; Philipson 2002, personal communication). 

In view of the prodigious growth rate (12—15m in height and a dbh of 40—60 cm 
after 12 years) attributed to Adansonia madagascariensis Perrier de la Bathie 
(1953) suggested that the wood could be exploited for cellulose. 

The wood of A. za is soft, fibrous and spongy, and is not attacked by termites. It 
has a potential for papermaking, but tree growth is slow and the necessary tree rota- 
tion would cover many hundreds of years. 

Australian Aborigines from the north-west coast made dugout canoes from the 
trunks of A. gregorii (Froggatt 1934a). They also carve wooden dishes of various 
shapes and sizes, usually deep or shallow boat-shaped vessels from the trunks and 
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Table 5 Wood density of Malagasy species of Adansonia. 


(From Chapotin 2005.) 

Species g cm? 

A. grandidieri 0.09 + 0,006 
A. suarezensis 0.13 + 0.005 
A. rubrostipa 0.10 + 0.004 
А. perrieri 0.25 + 0.006 
A. madagascariensis 0.17 + 0.013 
A. za 0.12 + 0.007 


large branches. These are known as coolamons and are used for carrying a variety of 
items, such as water, gathered food or even babies. ‘Coolamon’ is a generic term 
adopted into English from one of the Aboriginal languages, each type of coolamon 
having its own name in the various languages (Smith et al. 1993; Lowe 2003, personal 
communication). 


6 Fibre 


Baobab bark consists of a hard brown outer bark of mainly masses of thick-walled 
sclerenchymatous cells and a greyish fibrous inner bark. The phloem of the bark is 
laid down in wide tangential bands permitting the easily peeling off of sheets of 
flexible material. On air-drying the bark loses 23% moisture (Anonymous 1917b; 
Wiedenhoeft 2005, personal communication). The tree has the peculiar ability to 
withstand being stripped of its fibrous bark from the entire circumference of the 
trunk without any ill effects, and for the bark to regenerate completely. 

Adansonia is unusual in that the bark is produced from the parenchyma cells 
underneath the exposed xylem, while the bark of most other tree species regener- 
ates slowly from the vascular cambium on the margins of the wound. The drastic 
ring barking baobabs tolerate would kill them (Fisher 1981). The composition of 
the air-dried bark is shown in Table 6. 

Hiern (1896), De Wildeman (1903), Anonymous (1917b) and Baumer (1983) 
have described the method used to strip A. digitata bark to make rope. After the area 
to be stripped has been defined, the undesirable thin outer bark (0.5—1.0 cm) is sliced 
off using an axe or machete. The inner bark (bast) is removed as follows: Two 
parallel horizontal incisions are made, which penetrate to the vascular cambium, 
sometimes even into the outer layers of the xylem; these incisions, approximately 
0.6-1.5 m apart and 0.9—1.5 m long, are then joined by two vertical incisions. The 
bark is unrolled from the sapwood along the line of the vertical cut. After a brief 
maceration, the bark sheets are exposed to the sun and then beaten with sticks until 
the fibrous layers separate from the pithy matter; the clean inner bark then presents 
itself. It is not possible to separate the layers after the bark has dried. 

In Zimbabwe people have two slightly different methods of removing the sheets 
of bark and extracting the fibres. After first removing the outer layer, the sheet may 
be removed intact and the innermost fibres stripped out with the teeth, and the fibres 
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Table 6 Composition of the air-dried bark of Adansonia digitata from South Africa. 
(From Anonymous 1917b.) 


Composition Yield 

Yield of outer bark 63% 

Yield of inner bark 37% 

Moisture 9.2% 

Ash 14.0% 

Total cellulose 44.0% 

Cellulose of inner bark Around 60% 
Total yield of dry pulp after caustic soda extraction 27% 

Yield of dry pulp of inner bark after caustic soda extraction 33% 

Length of ultimate fibres (1.0—) 1.7-2.4 (—4.6) mm 


separated by pounding. Alternatively, the bark is gradually levered from the trunk 
and the exposed upper edge pounded downwards. On completion of the pounding 
process the sheet is cut from the tree and the fibres are separated from the pulver- 
ised mass of tissues. The innermost white fibres are preferred because they are 
softer than the outer ones and easier to roll into threads for weaving into hats, bags 
and baskets for the tourist trade. 

In Kenya the strings of fibre used for such work are first softened by chewing. 
The outer, coarser fibres are usually dyed and made into mats. The outermost bark 
and residue do not appear to be used. The quantity of useable fibre varies from tree 
to tree; this variability is believed to be related to habitat rather than tree size or time 
since last harvest. Sheets of bark may also be used for roofing and temporary con- 
structions (Maundu et al. 1999; Romero et al. 2001). Watt (1885) believed smaller 
trees yielded a softer and finer fibre than larger trees. 

The white or greyish inner bark fibres contain about 50% cellulose, oxycelluloses 
and 35% lignin, and require little further treatment. The fibres are suitable for an 
opaque, strong, brown packing paper, difficult to bleach. However, it is also possible 
to produce a soft, flexible, white paper with a satisfactory resistance to tension, tear- 
ing and rubbing. The fibres from the outer bark are reddish-brown in colour and less 
desirable because of the gritty nature of the sclerenchyma cells (Heim 1902; De 
Wildeman 1903b; Anonymous 1904, 1907a, b, 1916, 1917b, 1920; Drabble 1907; 
Heim et al. 1920, 1925; Holland 1908; Dalziel 1937; Isenberg 1956). 

Cross and Bevan (1920) described the imported bast fibres as a network of light- 
coloured bast bundles intersected by dark brown medullary rays; there were no 
microscopic features distinguishing the bast fibres from the wood fibres. The fibres 
gave a yellow colouration with aniline sulphate but only contain a small proportion 
of lignone. An analysis of the bast fibres is shown in Table 7. 

Several attempts were made in the UK and Europe to utilise the bast fibre (as 
distinct from the wood fibre) for the manufacture of paper during the late 19th and 
early 20th centuries. For commercial exploitation the sun-dried sheets of fibre are 
pressed into bales known as Maputa fibre. The UK once received many consign- 
ments from Luanda [Loanda] district for papermaking. None was ever imported 
from West Africa, although some were extracted from Tanzania. However, trade to 
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Table 7 Composition of the bast fibres of Adansonia digitata. 
(From Cross and Bevan 1920.) 


Composition 2nd quality — Ist quality 
Total cellulose 49.35 58.82 
Cellulose — parenchymatous tissue - 13.75 
Cellulose — fibres — 45.07 
Fat and wax 0.94 0.41 
Aqueous extract 13.57 7.08 
Pectous substances 19.05 15.19 
Water 10.90 13.18 
Ash 6.19 4.72 


the UK ports of Liverpool or Hull gradually decreased from 190t in 1887 to 2t in 
1896 following the introduction of mechanical and chemical-pulping processes, 
although the demand for small quantities of the fibre for wrapping papers with a 
high finish continued. In about 1915 a factory was established near Dakar for the 
preparation of the fibre to supply papermaking and rope-making firms in France 
(Anonymous 1912; Dalziel 1937; Labarre 1952). For a high finish the bast was 
boiled with lime; treated with soda it may be bleached to make a valuable, paper- 
making cellulose (Cross and Bevan 1920). 

The inner bark of A. digitata provides a particularly strong and durable fibre, and 
is used throughout Africa and India for making rope. The Dogon of Mali even use 
the ropes for scaling the 300m high Bandiagara Cliffs in search of pigeon guano 
and Tellem artefacts (Plate 9). See Appendix 1 for a discussion on the Dogon and 
Tellem. There is a saying in Bengal ‘As secure as an elephant bound with a baobab 
rope’ (Drury 1858; Brown 1866; Black 1870). However, the fibre is unsuitable for 
spinning due to a lack tenacity and fineness. 

The fibre is also widely used for making other types of cordage, harness-straps, 
hobbles and tethers for livestock, elephant saddles (in India), carrying bindings 
used by women, bed ‘springs’, hammocks, baskets, fishing and game nets, fishing- 
lines, fish traps, snares, strings for musical instruments, craft work for the tourist 
industry (door and table mats, hats, dog baskets). In northern Nigeria sandals were 
made from flat pieces of bark threaded with baobab fibres for toe thongs. In both 
the Congo and Ethiopia fibres were woven into hats and waterproof skullcaps that 
also served as drinking vessels, while in Tanzania plaited fibres were made into 
beer strainers, skirts and net traps (Fig. 7). 

Unfortunately, many traditional uses of the bark and wood are now dying out. In 
Kenya, for example, sisal and, more recently, nylon cordage have replaced bark 
(Livingstone 1857; Speke 1863; Watt 1885; Grisard 1891; Heim 1902; De Wildeman 
1903b; Williams 1907; Broun and Massey 1929; Figueiredo Gomes e Sousa 1930; 
Dalziel 1937; Brenan 1949; Williams 1949; Aubréville 1950; Roberty 1953; Williamson 
1955; Bircher 1960; Oliver 1960; Wild 1961; Irvine 1961; Rosevear 1961; Walker and 
Sillans 1961; Adam 1962; Watt and Brand-Breyerwijk 1962; Kerharo and Adam 
1964a, b; N'Diaye 1964; Sahni 1968; Woodruff 1969; Drar 1970; Lemordant 1971; 
Weiss 1979; Riley and Brokensha 1988; Cashel 1995; Hines and Eckman 1993). 
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Fig. 7 Examples from East Africa of the uses made of baobab bast fibre. (1) a short skirt or 
apron; (2) netting to catch small game. (From Braun 1929.) 


The bark can be dried and beaten to produce a crude bark-cloth formerly used 
for aprons and loincloths, and nets for fishing and hunting. The Bushmen of south- 
ern Africa make fibrous baobab matting, which is sometimes used as a blanket or 
kaross (Stow 1905; Braun 1929). The bark fibre was also widely used for sacking 
and wrappers in Angola for the transport of cotton, coal, gum copal (Daniella 
olivieri) and orchella-weed (Roccella tinctoria), a lichen used for dyeing (Hiern 
1896; Holland 1908). The fibre also served as a packing material for local trade. 

In the past, village elders in Namibia would present girls undergoing the rituals 
associated with their passage to adulthood with axes to obtain baobab bark fibres 
for making artificial hair. Today many use expensive and coarse imported human 
hair (Mshigeni and Hangula 2001). 

Baobab root bark is used in Zambia as a string or rope for making fishing nets, 
sacks, mats, etc. (Wickens 1979b, 1982a). 

According to Korn and Burgstaller (1953, cited by Vaid and Vaid (1978), India 
imported unbleached strips of bast fibres, 80cm long, 40-50 mm wide and 8-10 mm 
thick, for use with jute (Corchorus spp.) and manilla (Musa textilis) fibres to pro- 
duce a strong wrapping paper. In view of the tree's rapid growth in India, its speedy 
recovery after having its bark stripped and the quality of its fibre, several authors 
consider baobab fibre eminently suitable for currency paper (Watt 1885; Vaid and 
Vaid 1978; Anonymous 1985). 

In Madagascar, baobab bark is widely used for making rope (Plate 10). The bark 
of A. grandidieri is 10—15 cm thick and composed of tough, longitudinal fibres. The 
local Vezo and Sakalaves cut strips of bark two metre long from living trees and 
make them into ropes, particularly for use in out-rigger sailing canoes. A majority 
of the trees show signs of being thus used and, although the scar persists, the bark 
regenerates over the damaged tissue. Sometimes a coarse textile may be woven 
from the bark (Baillon 1885a; Drake de Castillo 1902; Perrier de la Báthie 1953; 
Hardy and LaFon 1982; Baum 1995b). 


7 Miscellaneous Uses 119 


The bark of A. suarezensis makes a rope, which the local people consider 
stronger than that from A. za; it is consequently at a premium in the market when 
a strong rope is required, as for working with bulls (Drake de Castillo 1902; Bond 
2001, personal communication). 

The barks of A. rubrostipa and A. za are also used for making cordage (haftse or 
hafuke) (Stiles, 1998; Philipson, 2002, personal communication). Some times older 
people make hats and cordage from the tough fibres of A. madagascariensis (Drake 
de Castillo 1902; Hardy and LaFon 1982; Hocking 1997). 

In the north-west of Australia, barks from the trunk and roots of A. gregorii is 
used by Aborigines to make cordage (Armstrong 1983; Brock 1988). An elderly 
woman, Mary Pandilo, demonstrated how people would cut off a about 70cm sec- 
tion of the root, separate the bast from the wood with a stone and, after further 
beating, remove two strands. Then, sitting on the ground and holding the two 
strands in the left hand she rubbed them back and forth against her thigh to bind the 
fibres together to make a long two-ply thread. She also explained how cordage was 
formerly made from the bark of the trunk. People cut off strips of bark and pounded 
them with a rock ‘to make them like wool’, which could be rolled against the thigh 
into a long string, called a bii in Guniin, or thicker rope. A carrying cradle, known 
as a warndo, was made of pleated boab bark, tied at each end with blii, or the string 
could serve as a sling to carry food and other packages. Both sexes used blii to tie 
their hair. Twine was woven into nets, while a thicker rope would be used to tie up 
a canoe (Crawford 1982; Elliot and Jones 1982; Lowe 1998). 
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7.1 Beehives 


Even today strips of baobab bark are rolled to make cylindrical beehives (Guy, 1965). 
In Kenya and elsewhere beehives are often hung from baobab branches to prevent the 
ratel or honey badger (Mellivora capensis) and other small mammals feeding on the 
honey (Riley and Brokensha 1988). In the lowlands of north-eastern Tanzania up to 
15 or 20 hives have been seen hanging from one tree (Fleuret 1980). However, the 
trees are difficult and often dangerous to climb: ‘It is seldom that a person lives who 
falls from a baobab tree, they are so high' (Thomas 1959). This difficulty is overcome 
by driving pegs deep into the trunk to serve as a ladder. The Hadza cut fresh, 
20—25 cm long, green pegs every time they climb a baobab; other tribes replace the 
pegs each year because they become loose in their pulpy sockets (Guy 1972; Blurton 
Jones and Marlowe 2001). Bees will nest in natural hollows in the trunk. Although 
Crane et al. (1984) do not list the species as an important honey source, the baobab 
is considered a preferred bee plant in Tanzania (Hines and Eckman 1993). 
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7.2 Toiletries 


According to Adanson (1763) and Schumacher (1827, quoted in Hepper 1976): 
"The whole fruit is burnt to an ash and used with boiled palm oil [from Elaeis 
guineensis] for making soap.’ In both West and East Africa a soap-lye is be 
made from the potassium-rich ashes of A. digitata bark, seed-pods or seeds 
mixed or boiled with oil (Drury 1858; Rock 1861; Watt 1885; De Wildemann 
1903b; Dalziel 1937; Irvine 1961; Adam 1962; Weiss 1979; Baumer 1983; 
Abbiw 1990). 

In Kenya women prepare a hair wash from an infusion of baobab seeds macer- 
ated in water (Hobley 1922; Wickens 1979b; Weiss 1979). 

In Zambia an infusion of baobab roots is used to bathe babies in order to pro- 
mote a smooth skin (Wickens 1979b, 1982a). 

The Baobab Fruit Company has prepared a range of toiletries from A. digitata, 
which are now available in European health shops. They include products prepared 
from the leaf or leaf and pulp extracts, such as shampoos, hair creams, moisturising 
and cleansing creams, and bath foams, all possessing natural anti-microbial, antivi- 
ral, anti-inflammatory and emollient properties. The bubble-bath foam is prepared 
from baobab leaf extract plus mallow (Malva sp.) and seaweed mucilages. Three 
bath oils are also available, prepared from milled baobab and sunflower (Helianthus 
annuus) seed oils, with or without baobab leaf or pulp extracts. The seed oils are 
also used for face and cleansing creams. 

The research laboratory of Karnebo Cosmetics, in collaboration with Takasago 
International, has just announced that it has created a perfume using the scent of A. za. 

Australian Aborigines use the old staminal tube of the boab as a paintbrush to 
apply body paint (Smith et al. 1993). 


7.3 Birdlime 


In Kenya the Mbeere mix the powdered baobab fruit with the latex from various fig 
trees to make birdlime (Riley and Brokensha 1988, Maundu et al. 1999). 


7.4 Fertiliser 


Ash from all parts of the baobab have a high potash content and, like the decom- 
posed leaves, shells and finely ground seeds, can be used as a fertiliser (Anonymous 
1912; Dalziel 1937; Irvine 1961; Adam 1962; Owen 1970; Abbiw 1990). 
Another fertiliser source was the numerous birds roosting at night in a huge 
baobab at Mombasa. They produced such large quantities of droppings that the 
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local people used to sweep them up for use in their shambas (Willing 2002, 
personal communication). 


7.5 Tanning 


In the Cameroon, and elsewhere, baobab bark is used for tanning (Dalziel 1937). 
Baobab leaves are a source of tannin in Ghana (Abbiw 1990). 


7.6 Dyeing 


The roots of A. digitata contain a red soluble matt, which is used in East Africa to 
produce a red dye. The dye is soluble in both water and absolute alcohol; it is 
deposited from its aqueous solution as a red powder (Watt 1885; Dalziel 1937; 
Greenway 1941). The root barks with either alum (potassium aluminium sulphate) 
or chrome (potassium dichromate) mordant produces a very light brown dye, or a 
cream dye if no mordant is used. The fruit fibre produces a light pink dye with or 
without an alum mordant, and a pink-brown dye with chrome mordant. Since alum 
tends to harden wool, cream of tartar (potassium bitartrate) is added to keep wool 
soft. Well-powdered baobab pulp may be substituted for cream of tartar in the 
preparation of mordants (Hindmarsh 1982). 

A yellow dye, quercetin-7-O-B-p-xylopyranoside, has been isolated from the 
stem-bark (Chauhan et al. 1982b; Mollien 1967; Dovie et al. (2001). 


7.7 Fuel and Fumitories 


The wood of A. digitata is light and spongy and makes a poor fuel unless thor- 
oughly dried; it is unsuitable for cooking but can be used for smoking and drying 
fish. The charcoal too is of a poor quality, and is only made in the absence of any- 
thing better. The seedpods are burnt as a fuel in both Nigeria and East Africa 
(Dalziel 1937; Burkill 1985; Pipe-Wolferstan 1988). A piece of the shell is some- 
times used as the base in fire making, and drilled with a piece of guinea corn 
(Sorghum bicolor) stalk (Sébire 1899). The ash from burnt bark is used in some 
places for black-plastering the mud walls of huts (Dalziel 1937). Briquettes may be 
made from the fruit shells and used as a firewood substitute. 

The powdered calyx or fruit stalk and husk of A. digitata may be added to snuff 
to increase its pungency or smoked as a tobacco substitute. Ashes from the burnt 
wood may also be used as a snuff or masticator (Savigney 1818; Sébire 1899; 
Adam 1962; Owen 1970). 
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In Australia the light and spongy wood of A. gregorii burns quickly and doesn’t 
leave good embers (Lowe 1998). 


7.8 Insecticides 


In Kaduna State, Nigeria, a mixture of dried and powered pulp and seeds of 
A. digitata is traditionally applied to termite nests, supposedly to prevent 
termites alighting during their nuptial flight; it is said to kill the termites 
(Abubakar and Abdurahman 1998). The dry pulp and pods burn well, giving off 
an offensive and irritating smoke that has been used to drive away mosquitoes 
and other insects that torment humans and livestock, and as a hut fumigant. In 
South Africa boys collect and sell pods for this purpose (Dalziel 1937; Caius 
1941; Adam 1962; Irvine 1962; Weiss 1979; Hardy and LaFon 1982; FAO 
1988). The dried fruit are also burnt in India as cattle fly fumigant (Secoy and 
Smith 1983). 

The petroleum ether extract of baobab seeds produced about 10% mortality in 
maize weevil (Sitophilus zeamais) from 4 to 14 days after application, after which 
its effectiveness decreased (Ashamo and Odeyemi 2001). 

In Australia people lay green boab leaves on a fire in order to make smoke and 
drive away mosquitoes (Lowe 1998). 


7.9 Curios, Ornaments and Floral Decorations 


The green bark of A. digitata is used for decorating basketry (Dovie 2003). 

In West Africa the seeds of A. digitata may be strung as necklaces (Dalziel 
1937; Irvine 1961; Adam 1962), but as Rashford (1986) rightly points out, they are 
not nearly as attractive as many other available seeds. Potters used seeds strung in 
short clusters to smooth earthenware before firing (Dalziel 1937; Adam 1962) a 
practice that has also been reported in India (Jain 1981). 

Despite their short-lived, nocturnal opening the sweet-smelling flowers of A. 
digitata provide decoration at times of festivals in various parts of Africa (Sweeney 
1999). The flowers are also used in India for religious and other festivals. 

Aborigines in northern Australia carve intricate pictures over the surface of 
boab pods with their penknives, often depicting tribal emblems, human faces or 
figures, hunting scenes and many species of wildlife. Such decorated pods are 
works of art and are sold to tourists. For this purpose, mature, brown pods have 
to be picked from the tree because, unlike that of other species, the brittle peri- 
carp usually breaks on impact with the ground (Jones 1976; Baum 1995b; Lowe 
1998). See also Chapter 6. 
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7.10 Dippers, Musical Instruments, Games, Etc. 


In Senegal the children of the Tenda make hoops from baobab root fibres to use as 
targets (Ferry et al. 1974). 

Empty pods of A. digitata are used as containers, dishes, drinking cups, spoons, 
ladles and bailers, paint pots, children’s ‘telephones’ and babies rattles, or fash- 
ioned into musical instruments, masks, floats for fishing nets, rat traps (Fig. 8) and 
curios such as snuff-boxes and earrings (Speke 1863; Tuckey 1818; Braun 1929; Ibn 
Battuta 1929; Brenan 1949; Williams 1949; Watt and Breyer-Brandwijk 1962; 
Woodburn 1970; Weiss 1979; Robyns 1980; Rashford 1986; Maundu et al., 1999; 
Owen 1999). In India the empty pods are used also for floats by fishermen (Watt 
1885). The Mikea of south-west Madagascar also use pods of A. rubrostipa and 
A. za as scoops (Stiles 1998). 

Hobley (1922) described how the Kenyans cut a square hole out of the side of 
the pod close to one end and remove the contents. Three or four of the empty pods 
are then suspended on a rope and used to draw water. In Namibia the San cut the 
stalk out of a ripe pod, put ‘something’ inside to dissolve the pulp, pour out the pulp 
and then use the pod as a water container (Lowe, 2004, personal communication). 

To make a baby’s rattle the Hadza extract the pulp through two holes in the pod, 
leaving the seeds inside (Woodburn 1970). The Dogon make a musical rattle from 
the pods, with or without the stalk attached. A British firm imports pods as musical 
shakers (Owen 1999). 

The Senegalese play a board game known as mankala. The board is made from two 
long wooden slats in which six cups are carved, each containing four to six baobab 
seeds. The object of the game is to move around the board and capture the most seeds. 


Fig. 8 Examples from East Africa of the various uses made of baobab pods. (1), a water bucket; 
(2) vessel for collecting palm wine marked with the owner’s brand; (3) a rat trap; (4) a toy drum; 
(5) a child's ‘telephone’. (From Braun 1929.) 
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The nomadic Hadza of Tanzania have a gambling game called /ukucuko played 
with two disks cut from baobab bark, the larger of which is also called /ukucuko 
(Woodburn 1970); only one disk is made from baobab wood and known as a 
lukokuko according to Matthiessen (1994). 

The pods are used in India as musical instruments, masks and fishing floats 
(Watt 1885; Randhawa 1965; Jain 1981). 

In Jamaica, boys play a game called *keep up' where they compete to find who 
can bounce a baobab flower, known as 'seaway lash', up and down on the foot for 
the longest time (Rashford 1987, 1997b). 

Dry fruit of A. gregorii are used by Australian Aborigines as a child's rattle but, 
as Basedow (1925) pointed out, 'curiosity soon leads to the destruction of the shell, 
when the pithy matrix and the seeds are eaten'. 

Kimberley Boab Kreations in Kununurra now manufacture a range of tableware, 
such as bowls, goblets, candlesticks, etc. from the nuts for both local and tourist 
trade (Nekrasov 2001). 


7.11 Adhesives 


The bark gum is used as an adhesive in Tanzania (Hines and Eckman 1993). The 
pollen of A. digitata mixed with water is also used to make glue (Woodruff 1969). 
Both the gum and pollen of A. gregorii are similarly used by Australian Aborigines 
to make a general-purpose glue for such items as fixing spearheads and stone toma- 
hawks, the fashioning of hair belts and the feather adornments of corroboree dress 
(Hill 1940; Armstrong 1983; Brock 1988; Jones 1976; Bleechmore 2002). 


7.12 Coagulants 


The roasted acid pulp of A. digitata soaked in water to which salt or seawater was 
added was formerly used by rubber planters in East Africa as a coagulant for the 
Ceará rubber latex (Manihot glaziovii); the product is no longer commercially viable 
(Anonymous 1912; Pelly 1913; Hobley 1922; Watt and Breyer-Brandwijk 1962; 
Weiss 1979; Hines and Eckman 1993). The decoction was similarly used in West 
Africa for the latex of landolphia rubber (Landolphia heudelotii); it rapidly produced 
a good quality coagulum which soon became resinous and loses elasticity (Chevalier 
1906, 1913; Pobéguin 1906; Figueiredo Gomes e Sousa 1930; Dalziel 1937). 


7.13 Chemicals 


Furfural (9.6%), a starting material for the manufacture of moulding resins and a solvent 
used in the extraction of mineral oils and for decolourising rosin, can be obtained by the 
acidic distillation of the fruit, and is commercially exploited (Anonymous 1985). 


Chapter 7 
Art and Iconography 


The baobabs are spectacular trees, often with evocative local names. They are an 
inspiration to artists, photographers, writers and advertising agents. The baobab is 
widely used as a motif on stamps, coins, bank notes, medals and the like. It has lent 
its name and shape to tourist agents, hotels, restaurants, cafes, publishers and other 
businesses; a school, Ecole frangaise le Baobab, at Bafoussam, Cameroon, an oil- 
field 25km off Ivory Coast, an organisation called Baobab for Woman’s Human 
Rights based in Lagos, and a network learning facility. In Senegal there was the 
popular Afro-Latin band known as Orchestra Baobab, formed in 1970 and 
disbanded in 1987, while from Guinea there is the Circus Baobab which tours 
Europe. In Cameroon, according to Farenkia (2005), to call a person a baobab is to 
praise him for some outstanding achievement, while in South Africa, baobab is an 
acronym for somebody who is ‘bald and old, buggered and broke’ (Mayne 2007, 
personal communication). There is even a computer virus called Baobab. 

The famous Avenue des Baobabs near Morondava features in several advertise- 
ments, including one for the Renault car. 

Since 1960 Derby, Western Australia, has held an annual Boab Festival provid- 
ing amenities and entertainment, and giving publicity to the region. 


1 Indigenous Art 


1.1 African Art 


A Bushman rock-painting, said to be of a baobab (Fig. 9) was discovered at the 
Cave of the Spotted Giraffe, Mabala Tutwa, by Professor van Riet Lowe, who 
commented: 

It is of interest because of its symbolic significance, I say "symbolic" because 
the vast majority of paintings in the Valley of the Limpopo have life-size seed-pods 
of Baobab instead of breasts (Friede 1953). 

Friede pointed out that the baobab's characteristic thick trunk was not 
emphasised. I would hesitate to identify such a generalised image as a baobab. 
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Fig. 9 A Bushman painting, said to be of a baobab, from the Cave of the Spotted Giraffe, Mabala 
Tutwa, Limpopo Province, South Africa. (From Friede 1953.) 


Ted Eastwood has very kindly provided drawings and photographs of Bushman 
paintings showing typical steatopygous women. Although the breasts appear some- 
what pedunculate (Fig. 10), it is doubtful that they are representations of baobab 
pods as suggested by Professor Lowe. They are similar to breasts depicted by Old 
World rock artists, including ones who could not possibly have seen a baobab, like 
those who did the paintings in the Ribadesella Caves of northern Spain (Berenguer 
1973). Dr. Frank Willett (2003, personal communication) has also kindly confirmed 
that the breasts are truly breasts and not baobab pods. 

Another very faded Bushman painting of a tree on the Makgaberg Plateau near 
the Soutpansberg is also said to represent a baobab but it cannot be identified with 
certainty. Indeed, outline drawings of trees are extremely difficult to identify and 
Bushman art, although it includes excellent drawings of animals, often leaves much 
to be desired in its representations of humans and trees. Although it is impossible to 
accurately date the paintings without damaging them, the central Limpopo Basin 
rock art is attributed to the San Bushmen and, according to archaeologists, date from 
about the beginning of the first millennium AD to the 1920s (Dornan 1925). 
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Fig. 10 Examples of Bushman women with ‘baobab pod breasts’ from the Nagoma shelter, 
Modena, Limpopo Province, South Africa. (Traced redrawing by Ed Eastward.) 


The Bushmen, like the Hottentots (Khoekhoen), are of Khoisian stock, the remnants 
of former hunting and gathering peoples. The San Bushmen once lived as far north 
as Tanzania and were fairly widespread over Zambia, while the Hottentots were 
pastoralists and ironworkers and probably originated in north-east Africa (Cole 
1963). The San coexisted in the region with the Hottentots and black farmers for 
hundreds of years; genocide by the Ndebele contributed to their disappearance in 
some areas; they were also absorbed into the dominant Sotho-Tswana groups. The 
San occasionally hunted in the Limpopo Valley during the 1950s and a few still live 
in the Shashe River area of Botswana today (Eastwood, 2003, personal 
communication). 

See Chapter 2, Fig. 4, for Tuareg engravings on the trunk of a sacred baobab at 
Dakfao, near Bonkoukou, Niger. 


1.2 Australian Aboriginal Art 


Aborigines of the Kimberley region have made extensive use of the ample trunk of 
the boab for their carvings. Many subjects are represented, such as devil-rays, dolphins, 
turtles, crocodiles, snakes (usually associated with water, rain and rainbows or the 
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moon), emus, lizards, kangaroos and humans (occasionally in traditional headgear). 
The boomerang is frequently depicted, as are many other figures and geometric 
patterns of mythological significance, not all of which are understood by present- 
day Aborigines. Such inscriptions were formerly made quite easily with a stone 
axe; they are made less often nowadays, and usually with a steel tomahawk. 
Brightly coloured ochre may be applied to the completed paining, converting a 
trunk into a veritable art gallery. In time bark grows over the engravings and the 
outlines are sometimes re-scoured to maintain the image. Such art was often exe- 
cuted for ritual and magical purposes, the artist singing traditional songs as he 
worked to emphasise its significance. Renovations make it difficult to date the art. 
Aboriginal-style graffiti contributed by passing Europeans may add further confu- 
sion, although non-indigenous people more often draw cattle brands and primitive 
stick figures (Basedow 1925; Crawford 1968; Sculthorpe 1990; Armstrong in 
Cashel 1995), or simply carve their names on the trunk. 

Crawford (1968) described several examples of trees in the East Kimberley, on 
Karunjie Station and near Wyndham, whose markings were still intact 30 years 
later (Lowe 1998). Crawford also noted: 


The trees provide shade from the sun, and under each tree one can find a slab of stone on 
which to break up the nuts of the tree, and a scatter of chips of stone, the waste material 
from the manufacture of spear heads. 


Today, most of the stone slabs have disappeared, but scatterings of worked glass 
and stone can occasionally still be found. Spearhead makers used to cache their 
materials and half-made pieces amongst the roots of the trees that shaded them 
while they worked (Akerman 1997, personal communication). 

Basedow (1918) mentioned two trees on Meda Station with Aboriginal mark- 
ings. He removed the bark carving of emu (Dromaius novahollandiae) tracks from 
one tree and deposited it in the Australian Museum, Sydney. The others he found 
on a boab tree opposite Emmanuel Yard: 


Near the base of the massive butt of the tree we were under, several designs had been carved 
into the bark by native hand. Among other less obvious figures we recognised an emu three 
feet high, an emu track and a snake, five feet in length. The carvings are well executed; the 
toes of the bird are shown in plan, and the head of the serpent is especially clear. 


Pat Lowe found what may have been the same tree near the now derelict Emmanuel 
Yard, a former stockyard of which only the weathered timbers remain. It stands 
distinguished by age and size from all the other boabs scattered around the yard and 
along the nearby creek. Yet the tree bore no evidence of the carvings described by 
Basedow. However, sections of the bark had clearly been removed, and it may be 
that a visitor after Basedow also vandalised this tree for souvenirs. 

The three boabs at the Koolendong Waterhole, NT, one of which has the outline 
of an emu-like bird and geometric motifs carved on the trunk, are on the Heritage 
Register (Northern Territory Government 2001). 

Crawford (1968) suggested that boab trees bearing Aboriginal carvings used to be 
common, but damage by fire, livestock and human visitors as well as natural attrition 
seems to have reduced their number severely. Nevertheless, the assiduous searcher 
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may still discover such trees. A tree on the Hann River, near Mount Barnett, shows a 
human figure on one side and wallaby tracks on the other. These markings are ‘pub- 
lic’, and may be viewed by anyone. Some marked trees hold secrets, to be understood 
only by Aboriginal people with certain knowledge and status, and some of these are 
special to senior men or women, according to the stories associated with them. 

Kimberley Aborigines also carve boab pods, known locally as nuts, although 
there is some doubt as to whether the nuts were regarded as sacred objects or have 
a ceremonial function. Some people even doubt the antiquity of the practice, and 
suggest that Europeans may have introduced boab nut carving as an early craft 
industry. Grey’s (1841) sightings indicate that tree carvings are traditional; however, 
Basedow (1925) suggested that nut carving is confined to King Sound and northern 
Kimberley. Unfortunately, insufficient archaeological work has been carried out in 
the Kimberley region, and the fragile older nuts have not been preserved. 

Museum specimens date back to the 1870s. The older specimens in the Western 
Australian Museum in Perth have typical Aboriginal designs, with frequent circles 
and meander lines, whereas the more recent examples more often depict animals and 
birds, dancers and modern themes such as luggers in European style; images of the 
mythical Wandjinas or cloud spirits (see Chapter 3) may also be cut into the nut. 

Pegs are driven into the trunk to enable the collector to climb the tree. Because 
the shells crack while the fruit are still on the tree (see Chapter 8), ripe nuts for 
carving have to be picked during the dry season, while they are still brown and vel- 
vety, before they dry out and crack. If they are picked green, even at full size, they 
shrink as they dry and loose their fullness and smoothness. In carving the dark 
brown outer coating of the nut is scraped or scratched to reveal the smooth woody 
layer. The older nuts are more deeply incised, possibly with the traditional possum 
(Phalangeridae) tooth gouge mounted on a stick, while more modern ones have 
been carved with a knife blade. Soil minerals such as iron oxides may cause a red 
colour to develop in the nuts, while bush fires will blacken them. Occasionally the 
nuts are coloured with natural pigments, paint or coloured crayon and in rare 
instances they are both carved and painted (Baselaw 1925; Crawford 1968; Caruana 
1986; Brock 1988; Akerman 2000b; Bleechmore 2002; Lowe 2005, personal com- 
munication). Interestingly, the fruits from an introduced A. digitata were rejected 
by the local Aborigines because they did not have the same layering in colour, nei- 
ther were they as smooth (Willing 2002, personal communication). 

Baobab nut carving is increasingly popular among Aboriginal people in north 
Australian towns, providing a quick source of income, although fewer Aboriginal 
people in Kimberley communities carve nuts now than in the 1980s; they are being 
replaced by an increasing number of non-Aboriginal artists. Local people carve 
intricate scenes around the surface of the nuts and sell them to tourists or shops 
catering to them. Some of the best-carved nuts are works of art, depicting wildlife in 
the bush, hunting scenes, human faces and figures or geometric designs (Plate 11). 
Most artists prefer to work on large nuts, which give them greater artistic scope and 
usually fetch a higher price, but some favour very small ones, which they carve to 
look like whole birds, native mice, possums, or echidnas (Tachyglossus aculeatus), 
the egg-laying spiny anteaters (Lowe 1998; Akerman 2000b). Unfortunately, the 
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fragility of the older nuts, their scarcity, and the preferences shown by the tourist 
trade, have obscured any evidence of traditional designs, and Kim Akerman (2005, 
personal communication) has found no designs specific to a clan or tribe. 

In the past Aborigines occasionally used both plain and elaborately carved nuts 
as maracas to accompany ceremonial dancing by men (Basedow 1925; Akerman 
2000a), although no details of such dances and ceremonies have been recorded in 
the literature other than by Basedow (Sculthorpe 1990). While the maracas were 
used to keep time, they were never accorded the special status that a song man’s 
own tapping sticks achieved (Akerman 2005, personal communication). Basedow 
also noted that the rattles were much sought after as curios by Europeans. 


2 Modern Paintings and Drawings 


It was inevitable that such bizarre-looking trees as the baobabs would attract the 
attention of artists, among whom are Erich Mayer and other early South African 
painters, but the most famous of all the early baobab artists was Thomas Baines. 

The son of a master mariner and with a maternal uncle who migrated to Durban, 
John Thomas Baines (1820—1875) was born with a sense of adventure. His lifelong 
passion for travel and painting took him from his hometown of King’s Lynn, Norfolk, 
to southern Africa and Australia. His paintings and sketches total some 4,000 works, 
in a few of which the baobab and boab feature prominently. Their importance lies not 
only in their great artistic merit and the accuracy with which Baines painted the land- 
scape but also for his meticulous records of his travels, although, as can be seen from 
the quotations below, his spelling and punctuation was not always as good as it 
should have been. He only used artistic licence in the placing of people, animals, 
boats, etc. The one exception to this accuracy was in a painting of the local people at 
Gcwihaba [Koobie] where he added a small baobab from nearby in order to balance 
the picture, but he was an honest artist and recorded these ‘improvements’ (Baines 
1864). In a long letter to Sir William Hooker dated 14 June 1863, Baines described 
this baobab: 


At Koobie too Chapman discovered the first real baobab — a young one as he considered it 
although to me it looked like a misshapen dwarfish abortion that never was to come to 
maturity it was more like a mass of irregular greyish brown rock with a few twigs growing 
out of it than anything else. (Stevenson 1999) 


Baines's locations are identifiable and the paintings provide environmental 
yardsticks by which to monitor environmental changes in a way that written 
descriptions alone never could. It should be borne in mind that Baines was 
travelling at a time when photography was in its infancy and artists were used by 
expeditions to illustrate journeys of exploration. Baines measured the girth of many 
of the baobabs he illustrated and these have been identified and remeasured by the 
forester Graham Guy (1967). Ecologists and geomorphologists in southern Africa 
and north-west Australia have been able to use his paintings and drawings to see 
changes in vegetation and the effects of overgrazing, desertification and the like, 
occurring over the last 150 years. 
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Between 1855 and 1857 Baines was the official artist and storekeeper for the 
North Australian Exploring Expedition under the command of August Charles 
Gregory. Baines was responsible for the establishment of the Principal Camp near 
a group of *Gouty-stem Trees’, as boabs were then known, close to Timber Creek. 
Following Gregory's departure with an exploration party Baines dismantled the 
camp, leaving messages engraved in the bark of two boabs, one of which was to 
become known as ‘Gregory’s tree’ (Baines 1857, 1877; Wallis 1946, 1976; 
Gardiner 1975; Luckett 1975; Lowe 1998). An oil painting signed and dated Т. 
Baines 1857 and entitled The North West Australian Expedition: The Gouty Stem 
(or Baobab) Tree, is in the possession of the Royal Botanic Gardens, Kew. Two 
further paintings, Illustration of flower and fruit of gouty-stemmed tree and 
Collecting the fruit of the gouty stem tree are at the Royal Geographical Society 
(Braddon, 1986). For Dr. George Bennett, Baines made, from his original sketches, 
the pencil sketch of a group of boabs later used as Plate V in Bennett (1860). 

In 1858 Baines was appointed artist and storekeeper to the Zambezi Expedition 
under Dr. Livingstone and accompanied his party to Tete in Mozambique. David 
Livingstone was self-righteous, unforgiving and an incompetent leader and Baines, 
like many other members of the expedition, soon incurred the displeasure of both 
David Livingstone and his narrow-minded brother Charles. He was wrongly 
accused of misappropriating the stores in his care, and in December 1859 was sent 
back to London in disgrace. It is noteworthy that although Baines had drawn most 
of the pictures that appeared in the official Narrative of the expedition (Livingstone 
and Livingstone 1865), his name does not appear anywhere in the book (Jeal 1973). 
A painting Baobab tree near Tete, painted May 1861, is in private ownership 
(Wallis 1976). An oil painting entitled Baobab near bank of Lué, a tributary of the 
Zambezi River above the Kubrabazi [Cabora Bassa], signed, inscribed and dated 
T. Baines, Tete, 16 June 1859, is at the Royal Botanic Gardens, Kew. On the 
reverse appears the following: ‘It seems to consist of three original stems now 
united as they have grown up, the whole group is 17 yards in circumference and two 
of the stems are now united in 18 feet from the ground 13 yards’ (Stevenson 1999). 

Returning to Cape Town, Baines planned his own trans-African expedition: 
overland from Walvis Bay in Namibia to the Victoria Falls via Lake Ngami, and 
then by boat down the Zambezi to the Indian Ocean. His travelling companions 
were James Chapman (see below) and James’s brother Henry. At the Victoria 
Falls fever, famine and the murder of many of their attendants obliged them to 
return to Namibia. 

Six paintings of baobabs made by Baines during his travels with James and 
Henry Chapman during 1861—1862, are among the Baines paintings listed in 
Stevenson (1999) as held by the Royal Geographical Society (RGS) and the Royal 
Botanic Gardens Kew (RBG). They are: 


(1) An unfinished painting of a Mowanna tree 12 mile S.W. Leshulatebis town, pencil 
drawing made between January 1861 and December 1962 (RGS X229/021950). 
In a letter to Sir William Hooker, Director of the Royal Botanic Gardens, dated 
14 June 1863, Baines writes: ‘So far as it goes it is faithful, being sketched on 
the spot a short distance from Lake Ngami’ (Stevenson 1999). 
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(2) Two paintings on one sheet made at the Kudiakam Pan in what is now the Nxai 
Pan National Park. The lower of the two shows what is probably his best-known 
painting: Group of Baobabs on the N.W. spruit of the Ntwetwe saltpan, 
Botswana, watercolour painted May 1862 (RGS X229/021990). There is also a 
sketch of these trees in the Africana Museum, Johannesburg (Guy 1967a). 


On 21 May 1862, Baines (1864) wrote: 


A long circuit brought me, with empty pouch, to the clump of baobabs we had seen yester- 
day from the wagon; five full-sized trees and two or three younger ones were standing, so 
that when in leaf their foliage must form one magnificent shade. One gigantic tree had 
fallen and lay prostrate, but still losing none of its vitality, sent forth branches and young 
leaves like the rest. The general colour of the immense stems was grey and rough; but 
where the old bark had peeled and curled off, the new (of that peculiar metallic coppery- 
looking red and yellow which Dr. Livingstone was wont so strenuously to object to in my 
pictures), shone through over large portions, giving them, according to the light or shade, 
a red or yellow or a deep purple tone. 


Guy in Cashel (1995) reported that the trees are still standing and appear very much 
as when seen by Baines, except that the right hand or eastern one has lost two 
branches. Charles, Prince of Wales, made a watercolour of these trees when he vis- 
ited Botswana in 1984 (Roodt 1995). 


(3) Covered wagon and Men under large Baobab or Mowana tree (50ft) on the road 
between Kopje and Lake Ngami, watercolour painted 7 December 1861 (RGS 
X229/021943). On 7 December Baines (1864) wrote: 


We walked ahead of the wagon, on a course of about 70°, about six miles, and halted under 
a fine Mowana, “the big tree,” but found the little puddle of filthy water quite insufficient 
for our cattle, and as for drinking it ourselves, when the wagon came up and coffee was 
made, nearly two thirds the depth was thick mud; about the same proportion remaining in 
a cambric handkerchief, when we strained the little liquid there was through it. The tree 
measured fifty feet in circumference at its base, and was in full leaf, with a few of the 
beautiful pendent white flowers still upon it. I made a hasty sketch and Chapman took three 
very good photographs, showing with great clearness the pigmy-looking wagon, and 
groups of people under its giant shade. 


(4) The Big tree a Mowana or Baobab at Mamu-ka-koorie [Marma Kahuwé] 29 
December 1861, 10 am, T.Baines, about one days journey from Lake Ngami, 
watercolour (RBG 5.W). There is also an 1862 sketch of the Big Tree in the 
Africana Museum, Johannesburg (Guy 1967) and a photograph of the scene in 
Chapman (1971). 


On 29 December 1861 Baines and his party returned to the ‘Big Tree’ and he wrote: 


We walked forward, in the hope of meeting something, to the big tree, the mowana. At Mamu- 
ka-hoorie, and found the country much improved: rain-vleis had formed all along the road, and 
the new water at the tree, preserved by the growth of grass and rushes from admixture with the 
mud, was sweet and pure; and many flowers that had passed away at Koobie [Gcwihaba Hills] 
before we left were here in full bloom. I made a second sketch of the tree. (Baines 1864) 


(5) Outspan under a Baobab tree near Kounyara [Kunyara] limestone vlei. Arrival of 
a party of Bechuanas bushmen. Huts in distance Lat. 20.3.38. Pegs driven by the 
bushmen to climb the tree for fruit, pencil 9 June 1862 (RGS X229/022001). 
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On that day Baines (1864) wrote: 


We spanned out under a fine Baobab, with several others in sight, one it is said, with hol- 
lows in which a man might comfortably shelter himself. Some bushmen are here nearly 
starving, or at least reduced to drive pegs into the trunks of baobabs, and climb them for 
the fruit, which now only hangs on the most inaccessible twigs, and generally bears marks 
of the sticks and stones thrown to bring it down. 


(6) Baobab near Kounyara [Kunyara], pencildrawing, 19 June 1862 (RGS/X229/ 
022002). 


Two paintings from Gcwhaba [Koobie or Quaebie] Hills are now in the Museum 
Africa, Johannesburg (Wallis, 1976; Carruthers and Arnold 1995). They are: 


(1) Koobie and group of Bushmen, painted 12 November 1861 at the Koobie Wells 
(Kobis) approximately lat. 21?7'S. * [T]he shells of Baobab fruit also used as water 
vessels [by bushmen]’ and ‘I have taken the liberty of transplanting the stunted 
little mowana (Baobab) and the poison grub tree of the Bushmen' (Baines 1864). 

(2) Baobab on the Quaebie Hills, painted 1862. 


The grotesque shapes of the baobabs have been a gift to the more humorous-minded 
artists, including Jones (1976), who drew the entertaining sketches in the Odd Bod 
Boabs of the Kimberley. Barbara Bash (1989) wrote and illustrated a children's 
picture book about the life history of the African baobab, while Adrienne Kennaway 
illustrated the young child's book by Miriam Moss (2000) featuring the baobab. 

Another serious contemporary artist is Huw Crompton of Great Britain who has 
studied, drawn and painted every species of baobab, and was responsible for the 
pen and ink illustrations in Lowe (1998). Below is a delightful drawing by another 
British artist, Anne Cloudsley-Thompson (Fig. 11). 


3 Photography 


Dr. John Kirk, who accompanied Dr. David Livingstone's Zambezi Expedition, was 
the first to take photographs in the interior of sub-Saharan Africa. It was Kirk who took 
the photograph of Mary Livingstone's grave under a baobab at Shupanga, which is the 
basis for the drawing of a wider view given in Livingstone and Livingstone (1865) 
(E.C. Tabler in Chapman 1971, vol. 2; Piearce 2002, personal communication). 

A cattle and ivory trader, explorer, amateur photographer and naturalist, James 
Chapman (1831—1872), from the age of 18 until shortly before his death, travelled 
widely through southern Africa, especially in the area between Walvis Bay and the 
Victoria Falls. The journals of his explorations (Chapman, 1971) were edited by 
E.C. Tabler and published posthumously. Chapman was the first successful 
photographer in the interior of southern Africa — as distinct from sub-Saharan 
Africa (Tabler in Chapman 1971). Plate 1 in Chapman (1971) shows The Baobab 
(A. digitata) near Lake Gnami [Ngami] called Marma Kahuwé [Mamu-ka-hoorie] 
after some Native Chieftain. It measured only 70 feet in circumference but I have 
in the course of my travels found one measuring 154 around the trunk. The photograph 
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Fig. 11 ‘Baobab tree at night'in Namibia by Anne Cloudsley-Thompson (1989). Medium — 
charcoal and felt pen on paper by B.E.K. Rives, France. 


is now in the South African Library. Another picture shows Thomas Baines on the 
wagon under the tree (Baines 1864; Stevenson 1999). 

Chapman presented many of his photographs to the Royal Geographical Society and 
the Royal Botanic Gardens, Kew. The latter institute also received the first photograph 
of Welwitschia mirabilis, syn W. bainsii, first discovered by Baines in Namibia and 
shortly afterwards by Welwitsch in Angola (Willis 1966; Stevenson 1999). 

Jackson (1970) published an interesting set of eight photographs illustrating 
various rituals and usages of the baobab in Nigeria. 

Assisted by Professor Makoto Nishida (1927—) and Senior Researchers Hiroshi 
Yuasa (1940—) and Akira Yoshida (1949—), the late Professor Norio Копа (1915-7?) 
of the Research Institute of Evolutionary Biology, Tokyo, edited a splendid 
Japanese book of captioned coloured photographs of all eight species (Kondo 
1997). An investigation of this nature, led by an old professor and assisted by three 
successive generations of pupils, is very much in keeping with Japanese academic 
tradition (Lawrence Smith 2003, personal communication). 
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Further splendid coloured photographs of A. digitata, A. grandidieri, A. rubro- 
stipa, A. za and A. gregorii are to be found in coffee table books by Lewington and 
Parker (1999) and Pakenham (2002, 2004). 


4 Songs 


The musicians of Tanzania have composed many songs about the baobab, such as 
Kila shetani na Mbuyu wake (Every devil with his baobab) and Kuzuunguka Mbuyu 
(To go around the baobab) (Dogoni 2005). 


5 Models and Ceramics 


In 1866, while exploring the mouth of the Chobe River in what is now Botswana, 
Dr. Emil Holub searched hollow trees for bats to add to his collection. He noted: 


We were lucky with a baobab tree. Thus I have made a model of this baobab tree in bloom, 
on a smaller scale, i.e. of one third its height and diameter. I shall display it for the visitors of 
my expedition with a small inner opening and with some of the bats inside. (Holub 1890) 


Eventually, most of Holub's collections became scattered in museums throughout 
Europe and it is not known whether his model survived. 

The African Rift Valley exhibit at Cheyenne Mountain Zoo, Colorado Springs, 
has a replica hollow baobab with an audio-visual facility. Disney's Animal 
Kingdom Theme Park in Anaheim, California also has a replica baobab represent- 
ing the Tree of Life. 

Realistic models of the baobab made from varnished strips of banana leaf (Fig. 
12) can be obtained from gift shops of African art in Kenya. 

The baobab has not escaped the attention of the potter. A French potter, Daniel 
Gauthier of La Borne d'en Bas, makes stoneware and porcelain models of baobabs 
(Gauthier 2003). 


6 Emblems, Medals and Awards 


A. digitata, together with the lion rampant, is borne on the Senegal coat of arms 
(Robyns 1972); the baobab is also the tree emblem of the Republic of the Congo (Asch, 
1968), and of the former Transvaal Province in South Africa (Esterhuys et al. 2001). 

The 1977 United Nations tribute to the nation of Burundi is a sterling silver 
medal showing several Burundi citizens standing beneath a baobab tree; the reverse 
design features an original work of art. 

A bronze medal, provided by the Academie des Sciences, Museum National 
d'Histoire Naturelle, Paris, and the National Academy of Sciences, Washington, 
DC, designed by Georges Guirand and coined at the National Mint of France, 
commemorating the bicentennial of Michel Adanson's Families des plantes, was 
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Fig. 12 A 10cm high model of a baobab made in Kenya from strips of varnished banana leaf 
and mounted on a grass mat. 


presented to participants at the Adanson Symposium held at the Hunt Institute, 
Pittsburgh, in 1963. The face bears a profile portrait of Adanson and the reverse a 
baobab (Warnement 2004, personal communication). 

In 2002 South Africa introduced the Order of the Baobab featuring gold, silver 
and bronze nine-sided polygonal medals with a baobab motif. There are three 
grades, Supreme Counsellor (SCOB), Grand Counsellor (GCOB), and Counsellor 
(COB), awarded for exceptional, excellent and outstanding services respectively 
(Radburn 2003; Anonymous 2004c). 

Armed with spears, the semi-nomadic Barabaig, also known as Datooga, of 
Tanzania, traditionally hunt elephants to prove themselves and earn the favour of 
women. The girlfriend of a hero (ghadyirochand) from such a hunt awards him a 
sabotchka, a belt woven from baobab fibres (Aposporos and Nicolet 2004). 


7 Fiscal 


7.1 Postage Stamps 


Adansonia digitata trees are to be found on postage stamps of numerous countries, 
including the former Afrique Occidentale Frangaise, Sierra Leone, Ivory Coast, 
Mali, The Gambia, Nigeria, the former Belgium Congo, Eritrea, Somalia, Sudan, 
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Kenya, Tanzania, Southern Rhodesia (now Zimbabwe), Zambia, Botswana 
(Bechuanaland) and South Africa (Plate 12). Stamps from Senegal, The Gambia and 
Rwanda picture the flower, and those of Mauritania, Burkina Faso and Guinea- 
Bissau the fruit. One from Angola shows a woman in native costume with a line 
drawing of a baobab in the background. The Republic of San Marino issued a series 
in 1979 showing ecosystems, on one of which the baobab (A. digitata) is shown 
with the African elephant. The 1981 45 and 85 CFA stamps from the Republic of 
the Congo show Brazza’s Tree, a baobab commemorating the Italian-born 
naturalised French explorer Count Pierre Savorognan de Brazza (1852-1905), who 
founded the town of Brazzaville in 1880 (Robyns 1972; Steffens 1984; Boggia 
1992; Kondo 1997; Newton 1998). 

The familiar grove of A. grandidieri at Morondava is pictured on the 1952 500 
franc airmail stamp (Robyns 1972), and A. rubrostipa on the 1990 140 FMF 28 
ariary stamp of the Republic of Madagascar (Kondo 1997). 

In 2005 A. gregorii was represented by one of a set of five 50c stamps com- 
memorating the 22nd International Union of Forest Research Organisations World 
Congress at Brisbane, Queensland. 


7.2 Banknotes and Coins 


A. digitata appears in a Ghanaian banknote design (Newton, 1974), the 50 rand 
banknote of South Africa (Kondo 1997), and a 50 franc gold coin produced in 1968 
for Senegal. 

The old 50, 100 and 1,000 MF (franc malagache) notes of the Republic of 
Madagascar show pictures of open glades with stands of majestic baobab. Hardy 
(1984) said the 1,000 MF note showed a stand of A. madagascariensis at Tsivory, but 
Tsivory is well to the south of its distribution range. A. grandidieri is a far more likely 
candidate because of its former economic importance as a source of edible oilseeds. 
The Avenue des Baobabs appears on the 50 ariary coin. Antoine de Sainte Exupéry, 
pilot and author of The Little Prince (see Section 2 above) is shown on a 50 franc 
French banknote (Kondo 1997). 


8 Books and Journals 


The baobab is mentioned, not always accurately, in a number of books, including 
Cinq semaines en ballon by Jules Verne (1863), which tells of the voyage by three 
Englishmen in a balloon from Zanzibar to Senegal. The baobab also features in a 
charming children's book, The Little Prince by Antoine de Sainte Exupéry (1943), 
in which the little prince is the sole inhabitant of a little planet where the baobab 
grows like a weed. 
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Michel Adanson’s genus Adansonia is commemorated by the journal Adansonia 
(Paris), of which 12 volumes were published between 1860 and 1879 under the 
editorship of H. Baillon. Its role was then subsumed by Phanérogamie: notulae 
systematicae, commonly known as Notulae Systematicae (Paris). 1961 to 1996 saw 
the publication of the Bulletin du Muséum national d'Histoire naturelle (founded 
in 1895), Section B, Adansonia, botanique, phytochimie. Volumes for 1961—1969 
of Adansonia were designated ‘nouv. sér. in continuation of Notulae systematicae, 
volumes for 1970—1996 ‘sér. 2’. In 1997 the Bulletin was broken up into three sepa- 
rate journals, one of which was Adansonia sér. 3 (Jéréme 1997; Marner 2006). 

The journal Baobab is published by Arid Lands Information Network to provide 
information for project workers in dryland Africa. 

The Kimberley Society Inc. (Perth, Western Australia), was founded in 1992 
with the boab (A. gregorii) as its logo. The Society publishes a bimonthly newslet- 
ter entitled Boab Bulletin. 


Chapter 8 
Baobab Biology 


The large size and reputed longevity of the baobabs has intrigued many but what 
are the facts regarding its growth and reproduction? 


1 Pachycauly 


It was Aristotle's disciple and successor, Theophrastus of Eresos (370—c.285 BC), 
who, in his De Historia Plantarum, coined the term ‘pachycaul’ (from the Greek: 
pachycaulos), meaning ‘thick stem’ (Liddell and Scott 1940). Theophrastus had 
inherited Aristotle’s botanic garden in Athens and it was there, while brooding over 
the characteristics of some 500 or so plants, that he conceived the basics of plant 
morphology. His concepts and terminology remained essentially unchanged and 
scarcely enlarged for some 19 centuries, until the development of the magnifying 
lens and microscope (Stearn 1992). 

Pachycauls, with their abnormally swollen trunks, are often referred to as ‘bottle 
trees’ or “bottle lianas’. Pachycauls establish themselves by robust growth but are 
expensive to maintain (Corner 1964). 

Pachycauly is a primitive character and occurs in a number of families (Table 8) 
in the dry regions of the Americas, Africa and Australia. The distribution of pachy- 
cauls in Madagascar is more or less restricted to the dry deciduous forests and 
thickets of the western and south-western regions (Guillaumet 1984), where they 
are common. 

The pachycaul habit is widespread among the Adansonieae and particularly well 
developed in all species of Adansonia. It is a form of succulence and, as Metcalfe 
(1983) pointed out, the swelling of the trunk due to its high proportion of water- 
storing parenchyma also helps to lower the surface to volume ratio and surface area, 
thereby reducing potential water loss (Table 9). The storage of water by the tissues 
also offers a competitive advantage for species growing in regions of seasonal rainfall 
and a survival value in times of drought. This suggests that baobabs with short, stout 
trunks have a better survival value in the drier areas than taller and thinner baobabs, 
and explains why they are more common there than baobabs with bottle trunks. 
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Table 8 Examples of pachycaul genera or genera containing pachycaul species and their 
distribution. (From Koechlin et al. 1974; Mabberley 1997; Wickens 1998.) 


Family Genus Distribution 

Anacardiaceae Pachycormus SW North America 

Apocynaceae Adenium Tropical Africa, Madagascar 
Pachypodium Madagascar 

Burseraceae Bursera Tropical America 

Campanulaceae Cyanea Hawaii 
Lobelia South America, West Indies, Africa, India 

Asteraceae Dendrosenecio Montane tropical Africa 

Cucurbitaceae Dendrosicyos Socotra, southern Arabia 

Euphorbiaceae Givotia Madagascar 

Fouquieriaceae Fouquieria SW North America 

Leguminosae Delonix Madagascar 

Malvaceae: Bombacoideae Adansonia Tropical Africa, Madagascar, NE Australia 
Bombax Old World tropics 
Cavanillesia Tropical America 
Ceiba Tropical America 

Malvaceae: Sterculioideae Brachychiton Australia 

Moracea Dorstenia Socotra 

Vitaceae Cyphostemma Africa, Madagascar 


Table 9 Cylinder height/diameter ratios required to maintain an equivalent volume and the 
associated changes in surface area. 


Height (m) Diameter (m) Volume (m?) Surface area (m?) 
20 3 141.4 188.5 
10 4.3 145.2 132. 

5 6 141.4 94 


The water content of living baobab wood is 64.2—75.5% (Chapter 6). The 31.5— 
41.6% claimed by Walter and Breckle (1986) presumably applies in dry conditions. 
Such storage enables trees in a leafless condition to endure a prolonged drought 
without taking up water from the soil. During prolonged drought baobabs may 
remain leafless for up to 18 months (Campbell 1995). 

In questioning whether baobabs are succulent Newton (1974) asked if the distribu- 
tion of water storage tissue in succulents is distinct or diffuse. Metcalfe (1983) argued 
that anatomy alone cannot solve such questions and that succulents are necessarily 
drought resistant because of their xeromorphic structure. Although baobabs have 
some xeromorphic characters for water conservation, they are not true xerophytes; 
they are invaders of the semi-arid regions rather than obligate denizens thereof. 

The pachycaul habit can be due to a major development of medullary paren- 
chyma, as in the case of Pachypodium. More often it is the result of a considerable 
accumulation of secondary wood formations, which mainly permit the tissues to 
swell with water, thereby making the plant independent of water in times of 
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drought. In the case of the baobab the water content of the trunk is such that when 
felled trees are stripped of their bark, cattle are able to obtain sufficient water for 
survival by chewing the wood. 

In some cases the thickening of the trunk is precocious and accompanies the 
increase in height. In Cyphostemma, Pachypodium and other podagrics, pachycauly 
starts from a very young age. In other cases, such as Adansonia, the swelling of the 
trunk only occurs after the plant has attained some height. All the Malagasy baobab 
species have the same basic morphological feature, more or less swollen or cylin- 
drical trunks abruptly narrowed at the apex to produce a platform of short stout and 
entwined branches (Koechlin et al. 1974). 

In Madagascar, baobabs, like the other Malagasy pachycauls, Givotia madagas- 
cariensis, Gymnocarpus americanus and Moringa drouhardii, have the appear- 
ance of trees that have struggled up through a closed canopy in order to reach the 
light. Under certain conditions some species, such as Adansonia rubrostipa (syn. 
A. fony) on the Mahafaly slopes and, in the north, A. suarezensis on calcareous 
outcrops, can develop extraordinary swollen forms, with trunks as broad as they 
are high, and not exceeding 3 or 4m in height (Koechlin et al. 1974). A. gregorii 
behaves in a similar but less extreme fashion. It decreases in girth and becomes 
more of a symmetrical bottle-shape towards the north-east of its range (Hill 1940). 
This tendency towards a stumpy development appears to be related to reduced 
water availability. 


2 Baobab Architecture 


Pechuel-Lósche (1882) fide Schimper (1903) recognised three growth forms of 
A. digitata in Angola: 
The massive unbranched bole is either cylindrical, almost uniformly thick throughout, and 
like a column bears its crown at great height; or it is short, remarkably thickset and swollen, 
and subdivided not far from the ground into a number of equal-sized boughs; or low down 
it sends out a huge mass of boughs, but up to at least about two-thirds of its height above 
ground it remains distinctly recognizable as the main trunk. 


A drawing by Speke (1863) and photographs of the Limpopo Valley by J.B. Pole- 
Evans in Hutchinson (1946) show a mixture of these growth forms. 

Occasionally several baobab trunks appear to be only slightly fused at the base 
as if several seedlings had germinated together and were pushing each other apart 
(Plate 1). On other occasions, the trunks are fused for the whole or a considerable 
part of their length (Plate 13). 

Breitenbach (1985a) collected growth data on 40 cultivated trees aged between 
12 and 92 years from 11 sites in Limpopo Province, South Africa. By combining 
the data on diameter at breast height (dbh), height, crown spread and biomass with 
the results from previous research on the growth of adult trees, growth curves were 
constructed, from which a growth model was derived. Breitenbach recognised four 
growth phases: (1) sapling phase (10—15 years); (2) cone phase (up to 60-70 years); 
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Fig. 13 Growth stages of Adansonia digitata: (1) sapling phase; (2) cone phase; (3) juvenile tree; 
(4) mature phase with flat crown and prominent branch buttresses; (5) young bottle phase with round 
crown; (6) mature bottle phase. Growth stages not to scale (Modified from Breitenbach 1985a.) 


(3) bottle phase (up to 200-300 years); and (4) old-age phase (up to 500-800 years. 
Initially the trees grew rapidly, especially in the cone phase, then very slowly for 
the remainder and greater part of their life. The model was, in Breitenbach’s 
opinion, applicable only to ‘normal’ trees and not to particular trees, which, as a 
result of abnormal circumstances and secondary growth, may reach exceptional 
size and live for 1,000 years or more. The considerable size differences that occur 
between individuals of identical age could usually be attributed to site differences. 
However, Breitenbach also noted that such differences between trees in two planted 
stands, where site factors were irrelevant. Consequently he suggested that the dif- 
ferences may be mainly of genetic origin. The progeny of any given tree appears to 
be equably distributed over the entire range of variability of the species. Variation 
is mainly in growth rate, which leads to phase shifts. 

While Breitenbach considered the flat spreading crown as the ultimate stage of 
development from a bottle trunk, I believe baobabs with bottle trunks and subglo- 
bose crowns do not change in form (Fig. 13). Observation also suggests that the 
cone phase may start much earlier in higher rainfall areas. 
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Madagascar is the putative centre of origin of the baobabs. Here the baobabs 
evolved in an uninhabited landscape, in dense evergreen forest and/or dry deciduous 
forest environments that were subject to very little interference by man and his 
livestock until 500 years ago. Furthermore, they were not seriously affected by 
major environmental degradation until a century ago. 

Baobab trunks are generally tall and columnar and the crowns relatively small 
and compact. This is a typical habit for trees competing for light within a closed 
canopy under adequate rainfall/humidity/soil moisture regimes. It could also be that 
the ancestral form of the baobab, as Koechlin et al. (1974) suggested, was from a rain 
forest environment and that the species has been slow in adapting to the more open 
canopy of a dry deciduous forest. The stages of growth in trunk and canopy develop- 
ment have yet to be elucidated. In this respect, the comment by Huntley (1978) that 
the ‘tall, straight boled thickset form of A. digitata occurs in a dry thicket/gallery 
forest/tall grassland mosaic of Angola’s Quissama National Park’ lends support to 
Koechlin’s hypothesis. 

There is an alternative theory based on the anatomical and structural 
properties of the wood and their biomechanical implications. The wood is soft 
and weak, the water content high, 55-75%, and the specific gravity low, 0.11— 
0.18 g cm?. The parenchyma content of the stem wood is very high, and beneath 
the bark the cells remain alive for >30cm into the trunk. On a volume basis 
baobab wood has a construction cost several times lower than that of more 
conventional wood. Bending tests showed a low modulus of elasticity. While 
construction costs are low, the low wood strength requires a much greater trunk 
diameter for the tree to be self-supporting. Thus, in addition to water storage, the 
baobab's distinctive shape and high water content might represent biomechani- 
cal tradeoffs associated with the construction of tall trees from inexpensive, but 
weak, wood (Chapotin and Holbrook 2004a). Spreading branches that rely 
entirely on cell turgor for their strength are structurally weak, hence the 
disproportionately small flat crowns in section Brevitubae and round crowns in 
sections Longitubae and Adansonia. 

The change in form in relation to environment is best exemplified by A. digitata 
in Africa. In more open and drier communities the crowns tend to become progres- 
sively larger and more spreading, and the trunks proportionally shorter and stouter 
in order to maintain an equivalent water storage capacity (see Table 9). However, 
trunk volume does not appear to be related to age. To support the spreading crown 
the branches are strengthened by becoming stouter, relying on increased turgidity 
for strength. Branch buttresses become necessary to support the greatly increased 
weight. These buttresses descend to the lateral roots and produce the characteristic 
fluted trunk; in older trees secondary buttresses may develop to produce compound 
fluting (Fig. 14). Such buttresses are noticeably absent or poorly developed in 
specimens of A. digitata with round crowns. 

Jackson (1970) claimed that the stripping the bark for cordage, caused fluting of 
the lower trunk, while shaving the bark for use in local medicines did not. However, 
the photographs are from Datson-dombi, near Zaria, and from near Ede, which are 
in the lower and higher rainfall areas of Nigeria. Since it is known that A. digitata 
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Fig. 14 The heavily buttressed branches of Adansonia digitata. 


in the higher rainfall areas tend to develop taller trunks with less fluting than the 
rather stumpy and more grotesque trunks in regions of lower rainfall, or no fluting 
at all. Jackson’s claim is superfluous. 

Such variations in architecture are far less pronounced among the other 
species in which fluting is usually no more than a slight ripple on the surface of 
an otherwise circular trunk. This is partly because other species are not sub- 
jected to such a wide range of environmental conditions and possibly also 
because of differences in genetic make-up. Chapotin (2003, personal communi- 
cation) made the interesting supporting observation that bottle-shaped trunks 
occur on the drier upland sites of the Kirindy Forest, while baobabs on the wetter 
lower sites tend to have taller and more columnar trunks. In drier regions the 
trunks may even become globular without any noticeable extension of the 
crowns, as in A. gregorii, for example, the ‘Wyndham Prison Tree’ (Plate 6). 
Even the stately columnar 30m tall A. grandidieri of Morondava are reduced to 
a 3m tall grotesque subglobose form in the spiny scrub forest near Andavadoaka 
(Bond 2002). 

The bark of bottle trunks is invariably transversely wrinkled. This wrinkling is 
believed to be a buckling of the bark caused by compression of the wood. The bark 
forms a thick sheath around the tree that is much stronger and less compressible 
than the wood. Wood strength (elastic modulus) is dependent on cell turgor pressure 
(Chapotin 2004, personal communication). I tentatively suggest that the wrinkles 
may occur when wood is compressed during periods of drought. 
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21 Growth 


The stems of saplings gently taper and are either, from my personal observation, 
sparsely branched to 2-3m high or, as illustrated in Newton (1974), densely 
branched in the upper half, producing a more or less conical crown, corresponding 
to the early cone phase sensu Breitenbach (19852). 

The main problems in measuring incremental growth are discussed in Appendix 4. 
Girth at breast height (gbh) and dbh measurements made by many earlier recorders 
were generally unsatisfactory, making any future calculations of incremental 
growth based on their measurements difficult or impossible to interpret. Some 
baobabs were measured at ground level, others at a nominal 1 m, and many others 
at unknown height. Neither is it always known whether a tight tape was used to 
measure the circumference or whether the tape carefully followed the major con- 
tours of the trunk. In a demonstration, Adam (1963) obtained a reading of 21.40m 
by the first method and 24.05 m by the second! Condamin and Léye (1964) pro- 
vided a different illustration of the inaccuracy of a tight tape measurement of the 
gbh from a greatly distorted cross section of a buttressed baobab in Senegal (Fig. 15). 
To calculate the dbh from such measurements would clearly be pointless. 

Such inappropriate girth measurements have led to many countries invalidly 
claiming to have the ‘largest baobab’. For example, the two largest baobab diame- 
ters recorded from the Sudan were 10.8 m and 8.7 m ‘at about one metre from the 
ground'. However, the larger of the two had four stems at the level of measurement, 
which would have exaggerated the diameter (Sweeney 1973). 

For baobabs there is an additional discrepancy in girth measurements when the 
bark has been stripped. For partial stripping, it may be possible to stuff parts of 
the stripped area to their original form but girdle stripping is impossible to correct. 
Girdle stripping is not always discernible following recovery and may be the reason 
for some of the differences in girth found in historical baobabs over time. Changes in 


Fig. 15 The grossly exaggerated girth 
measurement (22.09 m) of a baobab at 
Fissel, Senegal, measured using a tight tape. 
(From Condamin and Léve 1964.) 
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Table 10 Annual incremental growth of young Adansonia digitata. (From Adam 1962.) 


Diameter at 1m Annual incremental 

Location Age (years) above ground (cm) growth (cm) 
M’Bao, Senegal 13 39 3.0 

Dakar, Senegal 18 43 2.2 
Toubacouta, Senegal 29 83 2.8 
Bingerville, Ivory Coast 48 169 3:5 

Fort Sibut, Central 48 254! 53 

African Republic 

Saint-Louis, Senegal 50 160 32 
'estimated 


ground level due to deflation and accretion, or the removal of soil at the base of a 
baobab used for water storage to form a water catchment area, will affect the level of 
breast-height readings. There are few reliable early measurements, and many of the 
recent ones have been made without modern forest mensuration practices (see 
Appendix 4). 

The incremental growth of young trees of known age from Senegal is shown in 
Table 10, from which Adam (1962) concluded there was an annual increase in diam- 
eter of about 3cm, although data from Table 13 suggest that such measurements 
should be regarded with caution. Such growth increments cannot be used to estimate 
age for older trees, which are much slower growing. The slower growth of older 
trees suggests a relationship between growth and available water: the larger the tree 
the more water it can store in its tissues and the more water it requires to maintain 
turgidity. Baobabs may eventually outgrow their rainfall allocation and the result is 
premature death. Adam (1962) suspected that the baobab at Sibut (Fort Sibut), 
Central African Republic, had been measured at ground level where the trunk tends 
to be more swollen. Alternatively, the high incremental growth may be due to the 
tree growing in a high rainfall area, outside its normal distribution range. 

Data collected by two members of the Sudan Political Service demonstrate some 
of the errors associated with ‘amateur’ measurements. K.C.P. Struvé (1925) measured 
five baobabs which had been ‘planted at Malakal along the river avenue’ around 12 
to 15 years earlier in what was considered an unsuitable soil for baobabs, presumably 
a silty clay. Seven years later E.G. Coryton (1933) remeasured the trees (Table 11); 
he noted that trees A, B and C only received rainwater while D and E were in gardens 
and received additional water during the dry season. Growth was rapid and fairly 
uniform and does not appear to have been affected by the additional watering. 

The girths were not measured at breast height, and Coryton measured the girth 
at what he believed to be the same height as Struvé had done, introducing obvious 
sources of error. It is not known whether the measurements were made before or 
after the rainy seasons, i.e. the growing period, or whether there had been steady 
growth or interrupted growth due to variable rainfall. The ‘annual incremental growth’ 
has, therefore, been calculated for five, six and seven rainy seasons to cover all 
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Table 11 Growth of five Adansonia digitata trees at Malakal, Sudan. (From Stuvé 1929; 
Coryton 1933.) 


Annual radial 
increase (cm) 


Height to first Girth just below first over 5, 6 and 
Total height (m) branches (m) branches (cm) 7 growing 

Tree 1925 1932 1925 1925 1932 seasons 
A 6.1 8.0 1.3 87.6 182.9 3.0/2.5/2.2 
B 4.8 7.2 1.7 94.0 147.3 1.5/1.4/1.2 
C 6.7 9.7 1.6 200.5 299.7 3.2/2.6/2.3 
D 5.5 8.2 2.1 86.3 175.3 3.2/2.7/2.3 
E 6.1 9.1 2.0 101.5 162 1.9/1.6/1.4 


possible permutations. Such differences could clearly be a major source of error 
should these measurements be used for age projections. Whether the seeds were all 
planted in the same or different years is not known. The crown point measurements 
provide initial data on bole height and they should have been repeated. 

In Kenya, Hobley (1922) counted the annual rings of a baobab, 3m in diameter 
that had been felled during road construction. He counted 220 rings, and allowed 
two rings per annum for a bimodal rainfall. The annual increase in diameter was 
2.7cm and, although similar to the growth of young trees shown in Table 10, dem- 
onstrates the effect of a higher rainfall regime on growth of the older and larger tree 
in Kenya. 

Measurements were made of a grove of the 39 surviving baobabs in the Gedi 
Forest Nursery near Malindi, Kenya. Eight of the 22-year-old trees were more than 
100 cm gbh, 12 less than 60 cm and the remaining 19 between 60 and 100 cm. The 
girth of the largest was 139 cm and the smallest 40 cm (Watson 2002, personal com- 
munication), giving a maximum annual increase in diameter of 2 cm. The differences, 
presuming equal treatment, appear to be genetic. It would be have been most useful 
to know whether the seeds were from the same pod/tree, or from different trees. 

Table 12 shows the growth rate of a young baobab transplanted in 1869 into the 
grounds of a mission station at Bagamoyo, Tanzania (Guy 1970). The data show a 
slowing of average growth in both trunk diameter and height with age. 

This slowing in growth usually reflects the balance between annual water 
requirements and its availability. It is particularly noticeable in older trees with an 
increasing need to store a large volume of water to maintain turgor against increas- 
ing transpiration losses. With climatic change baobabs are ever more susceptible to 
changes in the available soil moisture, especially in the drier regions. 

In March 1967 Guy (1967) remeasured a baobab at the Nokane Spring 
(Bergfontein) in the south-east corner of the Makgadikgadi (Makarikari) Pans, 
Botswana. The Austrian explorer Dr. Emil Holub first measured the tree in 1875; it 
was 7.6m high and the girth nearly 15.3m (Holub 1881). Ninety-one years later it 
was just over 9m high and the dbh, measured from the upper side of a slight slope, 
15.8 т and 16.7 m at a convenient height on the lower side. It had obviously grown 
very little since Holub first saw the tree. The desiccation of the Botswana lakes and 
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Table 12 Growth rates of Adansonia digitata at Bagamoyo, Tanzania. (From Guy 1970.) 


1869 1913 1927 1956 
Girth (cm) – 542 680 779 
Diameter (ст угт!) 2 3.66 3.14 2.12 
Height (m) m 20.25 © 27.28 
Height (cm уг!) - 41.47 E 16.35 


Table 13 Growth measurements of four Adansonia digitata at Hwange, Zimbabwe. (From Guy 
1970.) 


1936 1944 1948 1958 1966 (Feb.) 1966 (Aug.) 

A girth (cm) 18.4 61.0 66.0 122.6 139.1 137.8 
height (m) 3.1 4.6 4.9 7.6 -— - 

B girth (cm) 7.6 20.4 dead - = — 
height (m) 0.8 1.8 - - - - 

C girth (cm) 33.0 60.7 68.6 97.8 99.7 95.3 
height (m) 3.1 4.3 4.3 - -— - 

D girth (cm) 105.4 166.4 229.6 285.8 350.5 353.1 
height (m) 4.3 5.2 2:9 7.0 - - 


pans due to overgrazing and climate change since the 1850s is well documented, 
e.g. Shaw (1985) for Lake Ngami, and the poor growth of the Nokane baobab may 
be attributed to such pressures. 

Between 1984 and 1988 Swanepoel (1993a) recorded the annual growth of 
baobabs in the Mana Pools National Park, Zimbabwe. Trees up to 2.6m gbh grew 
very slowly, 20cm gbh уг"!, followed by a rapid increase to 78cm gbh уг"!, until 
they reached about 6m in girth, after which growth was very slow. For the sample 
recording negative growth it was —25cm gbh yr'. The rainfall had fallen from 
about 890mm in the previous two years to 363 mm in 1987. The negative growth 
demonstrates that larger trees have a higher water requirement than smaller trees. 

In Zimbabwe 'Howman's tree’ in Chinhoyi (formerly Sinoia) grew from a small 
sapling brought from the Zambezi Valley in 1912, by the then Native Commissioner 
Frank Holley, and planted in the village. Following neglect, another Native 
Commissioner, E.G. Howman, had the baobab transplanted to Chinhoyi Park, 
where it now flourishes. In 1953 it was 10.7 m high with a dbh of 4.3m, and in 
October 1965 the dbh had increased to 4.8 m. It is not known whether the measure- 
ments were taken during drought; October would certainly be approaching the end 
of the dry season (Cashel 1995). 

The growth rates of four (later three) young baobabs at Hwange (Wankie), 
Zimbabwe, growing on a steep rocky hillside under an average annual rainfall of 
548 mm, is shown in Table 13. 

The well-known phenomenon of baobab trunks shrinking or swelling with 
fluctuating seasons is shown by the decrease in diameters of trees A and C between 
February and August 1966 (towards the end of the rainy season and the dry season 
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respectively). The average annual increase in diameter over the 30 years for trees 
A, C and D was 1.2, 0.7 and 2.6 cm (Guy 1970). Volume increment is a more relia- 
ble measurement of growth than dbh when such critical factors as water content are 
relevant. Rutherford (1978) reported an increase in basal area between 21 and 
301 cm? уг! for the same period. 

The South African Forestry Department initiated an examination of the growth of 
17 baobabs in a plot at Skelmwater to the south of Messina, Limpopo Province, with 
a 50-year mean annual rainfall of 343 mm (Guy 1970). The 77.5-year mean up to 2005 
for the Agriculture Research Station, Messina, is 354.4mm. The rainfall is generally 
around the mean, with no suggestion that the area is becoming drier, but it can be 
erratic, with up to 500-600 mm in some years, reaching 849 mm in 2000, or as low as 
209mm in 1967 and 269 in 1979 (Mayne 2005, personal communication, Table 14). 

All the trunks were quite uniform in circumference, even in 2003 (Venter 2003, 
personal communication). A painted circle on each tree ensured measurements 
were always taken from the same point. From the dbh measurements taken over a 
number of years it was concluded that the rainfall had a considerable influence on 
girth, especially on trees with a dbh of more than 2.54m (Table 14). 

Two trees, 14 and 15, died in 1956 and 1966 respectively; both had smaller 
diameters when they died than they had had in 1931 and the rainfall data showed 
that they had suffered prolonged dehydration. In 1967 seven trees had smaller 
diameters than they had had in 1931; eight were larger. Trees 8 to 13 increased in 
diameter between 0.06 апа 3.6cm yr“, while tree 7 had a surprising annual increase 
of 6.8cm (Guy 1970). Three trees, 6, 16 and 17, had died between 1968 and 2003, 
when Diana Mayne and Sarah Venter remeasured the trees. These also had smaller 
diameters than in 1931. 

When plotted against the rainfall (Fig. 16) the diameter measurements clearly 
show a sensitivity of the baobab to drought. The rainfall data would have been even 
more revealing if seasonal rather than annual totals had been recorded. Caplan 
(1995) reported that the water table had fallen from 8 to about 20 m within 20 years 
and attributed the death of the larger baobabs to drought stress due to depletion of 
the available soil moisture. 

A contributing cause of water shortage was the lack of ground cover due to 
heavy grazing. During May and September 1966 the Plot was completely devoid of 
ground cover, and the water entering the soil was thus further reduced. In April 
1967, despite good rains, the ground cover was still very sparse. 

When gbh was reorganised as basal area (not shown), Guy (1970) made the puz- 
zling observation that measurements made between 1938 and 1946 showed the 
greatest percentage shrinkage, even though the rainfall was not excessively below 
the mean for the previous 30 years, while the mean rainfall from 1962 to 1966 
inclusive was only 232.2mm, more then 102mm less than the overall mean for 
over 50 years. Trees of more than 5m gbh decreased radially by 0.3mm year ог 
20.7 cm? in basal area. This clearly indicates that the available soil water was una- 
ble to balance transpiration losses, so that the trees had to depend upon the water 
stored in their tissues. Those between 160 and 80cm dbh (2.5—5 m gbh) increased 
radially by 2.1 mm year" ог 64.2 cm? in basal area, while those less than 80cm dbh 
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Table 15 Annual incremental growth of Adansonia digitata of known age. (Fom Cashel 1995.) 


Location Time span Girth (cm) Height (cm) 
Chinhoyi, Zimbabwe 1912-1965 0.26 9.0 
Cecilmour Farm, South Africa 1935-1970 0.37 8.9 
Durban, South Africa 1935-1987 0.29 6.5 
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Fig. 16 Changes in annual rainfall and in the girths of three baobabs in the Skelmwater Sample 
Plot, Messina. (From Guy 1970.) 


(2.5m gbh) had a radial increase of about 1.0mm year ог 10.3 ст? in basal area 
(Rutherford 1987). These findings from Hwange (Wankie) and Skelmwater make a 
mockery of age and growth projections based on incremental growth. 

A sapling planted in the Durban Botanic Garden, KwaZulu-Natal in 1935 was 
15m high in 1987 and 3.4m in girth. Another tree, also planted in 1935, at 
Cecilmour Farm, Mhlangura, at an altitude of 1,143m, was 3.1m in girth and 
12.8m high (Cashel 1995). The annual incremental growth for these three trees of 
known age is shown in Table 15. 

In 1853 Livingstone (1857) described a tree from the northern side of Ntwetwe 
Pan at Gootsa Pan, Botswana: ‘It consisted of six branches united into one trunk. At 
three feet [1 m] from the ground it was eighty-five feet [25.9 m] in circumference’. 
James Chapman had already measured the same tree in 1852 and found the circum- 
ference to be 26.5 m, which is in close agreement with Livingstone's later measure- 
ment if it is assumed that Chapman ran his tape a few inches lower, bearing in mind 
that the tree was heavily buttressed and not easily measured. When Guy (1971) vis- 
ited the tree in September 1966 the dbh at 1 m was about 24.5 m. This was a signifi- 
cant difference, attributed to shrinkage of the trunk following either a decrease in 
rainfall and/or a decrease in rainfall infiltration following decades of increased run- 
off aggravated by overgrazing and soil erosion. 
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Wilson (1988) estimated growth rates, based on dbh measurements, carbon dat- 
ing, ring counts and core measurements of baobabs growing in Mali, Sudan, Kenya, 
Tanzania and Zambia. He concluded that the growth rate was more rapid than might 
have been expected. Multiplication factors for converting gbh to age were: Mali 
0.164, Sudan 0.191, Kenya 0.114, Tanzania 0.370 and Zambia 0.213; the formula 
for converting the measurements of cultivated trees in Mali was y = 3.25 + 0.081x(r? 
= 0.42), where x is the gbh in centimetres. Data from central and southern Africa 
by Guy (1970) for trees of known age up to around 60 years gave similar conver- 
sion factors. However, the data used were statistically unacceptable due to inade- 
quate sampling. 

Guy (1970) demonstrated that in southern Africa older trees have a slower 
growth rate than younger ones and that the girth may decrease during drought, 
especially in older trees, while further north Wilson (1988) claimed a rapid increase 
in gbh for most populations, with particularly rapid growth in areas with a bimodal 
rainfall. The minimum rainfall required for sustained growth in mature trees is not 
known but believed to be in excess of 450mm. 

For standardised growth tables it is necessary to measure a very large number of 
baobabs until the standard deviation of all measurements is below 5%, the 
maximum allowed and generally accepted standard deviation for forestry 
mensuration (Dohse 2003, personal communication). Since A. digitata is widely 
distributed, occurs in low densities and grows in a wide range of environments, 
hundreds of measurements would be required for statistically acceptable growth 
tables. The data available are statistically inadequate for even local projections. 
Similar objections apply to the all species of Adansonia. 

Numerous authors have commented on the rapid growth of the baobab in India. 
Vaid and Vaid (1978) recorded a seedling in Uttar Pradesh growing to 2m by the 
end of the rainy season (more than 1,000mm annual rainfall) and attaining a dbh of 
1 m after 8 years, i.e. an incremental growth of 12.5cm уг". 

A baobab measured by Trimen in Mannar, Sri Lanka, in 1890 had a diameter of 
6m (19.9 m in circumference) but whether this was at breast height is not known. 
A few kilometres south of Mannar stands what is claimed to be the largest baobab 
in the area which, according to Robyns (1980), was 10m tall and 5.6m dbh. 
(17.55 m gbh); it is now 20m gbh (Thomas 2004). In view of the high rainfall rapid 
growth is to be expected. Consequently the large trees in Sri Lanka may not be par- 
ticularly old. 

Ten regular bottle-shaped trunks of A. grandidieri were measured at Vorehe, 
Madagascar (Table 16). The trees grew from seeds collected from further north 
during the famine of 1934—1936, i.e. they were around 63 years old (Bond 2003, 
personal communication). 

The incremental growth would suggest that giant baobabs in the Mangoky valley 
with 7 m dbh may only be between 180 and 390 years old, which is very fast growth. 
The rainfall, although erratic, is believed to be in the region of 800mm yr“. 

A. madagascariensis is reported to attain a height of 12-15 m and a basal diam- 
eter of 40-60 cm after 12 years (Perrier de la Bathie 1953), but the claim that one 
tree reached 40 m in height and more that 1 m in basal diameter at 24 years of age 
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Table 16 Growth measurements for Adansonia grandidieri. (From Bond 2003, personal 
communication.) 


Annual dbh Annual dbh 
incremental incremental 
Tree dbh (m) growth (cm) Tree dbh (m) growth (cm) 
A 1.13 1.79 F 1.71 2.71 
B 1.19 1.89 G 1.80 2.86 
C 1.41 2.23 H 1.81 2.87 
D 1.49 2.37 I 2.21 3.51 
E 1.57 2.49 J 2.40 3.81 


is thought by Baum (1995b) to be a typographical error. In any case, basal measure- 
ments are unacceptable. 

The average annual incremental growth of A. rubrostipa and A. za at Kirindy, 
measured at the end of two consecutive growing seasons, was 0.6cm and 1cm 
respectively. The values are much higher if trees less than 1m in diameter are 
excluded (Chapotin 2003, personal communication). 

A. gregorii seedlings are relatively fast growing, reaching about 2m in the first 
3 years, and with a dbh of about 65cm in 30 years. A tree in Broome planted in 
1898 has a dbh of 2.2m (gbh = 7.01 m), i.e. a diameter increase of 2.5cm уг! 
(Brown 1985). 

Bowman (1997) made a demographic study of boabs in the Gregory and Keep 
River National Parks in the Northern Territory. He found high densities of small 
immature stems «10cm dbh on alluvial soils, and noted that the density of immature 
stems decreased with distance from a river; the small size classes were absent in a 
population growing on a sandstone escarpment. On limestone substrates there were 
high densities of the small size classes at a site topographically protected from fire 
but these classes were absent from a site exposed to fire. The juvenile seedlings with 
stems less than | m tall had a remarkable ability to resprout from their tuberous (9 cm 
long, 3cm in diameter) taproots following a late dry season fire. Bowman observed 
that numerous fires would be required to have any significant effect on stands with a 
high density of seedlings. More research on recovery from fire is still required. 

Trees growing on alluvial soils had relatively short trunks and large crowns, on 
sandstone soils the height of the swollen trunk was approximately half that of the 
tree, while on limestone soils a larger proportion of the trunk accounted for the total 
height. Bowman considered these results to suggest substantially different alloca- 
tion patterns and growth rates associated with the three different substrates. Water 
availability would certainly vary with the substrates. In view of the shrinking and 
expansion of A. digitata trunks in response to rainfall, any interpretation and com- 
parisons of size-class distributions and interpretations of such data need to be 
treated with caution. 

Bowman (1997) also found a clear linear relationship between the total height 
of A. gregorii and bole height for trees growing on alluvial, limestone and sand- 
stone soils. The ratio of height of the swollen trunk to total height for the three types 
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of substrate varied significantly. The bole formed the larger portion of the total 
height on limestone, almost half the height on sandstone, and only a small portion 
on alluvium, suggesting different allocation patterns and growth rates for the three 
substrates. The substrate relationship for the other species has not been studied but 
information about it could go a long way towards our better understanding of the 
variations in growth increments and physiognomy. 


2.2 Age 


The age attainable by A. digitata has been much debated. Not only is it uncertain 
whether growth rings are necessarily annual or not, they are also difficult to count. 
Incremental growth based on girth and diameter measurements is also unreliable 
for calculating age because the measurements can change from year to year. In 
times of drought the tree withdraws water from its tissues and shrinks, thereby 
diminishing its girth and the width of growth rings. Inaccuracies also arise when 
comparisons are made using diameters of baobabs from different rainfall regimes. 
The growth of young trees is more rapid than that of mature trees. Furthermore, 
trees growing in sites with good access to water will grow faster and larger than 
trees of the same age growing in less favourable sites (Adam 1962, 1963; Guy 
1970; Guy 1982; Mullin 1991). Genetic differences in growth potential also have 
to be considered (von Breitenbach 1985a). The effects of temperature and other 
climatic factors have yet to be assessed. 

In 1749 Michel Adanson examined two baobabs on the fles de la Madeleine off 
Senegal. On the trunks were carved the names of sailors who had landed there dur- 
ing the 15th and 16th centuries. He calculated the age of the tree from the depths 
to which the cuts were covered by new wood, and concluded that they were 5,150 
years old and must have been alive before the Great Flood. Unfortunately, the trees 
are no longer extant (Adanson 1759; Cooke 1870; Adam 1962). 

The mere suggestion that some baobabs could be more than 5,000 years old 
upset theological arguments regarding the age of the earth and the time of the 
Flood. Adanson’s calculations angered David Livingstone (1857), who was a fol- 
lower of James Ussher (1581—1656), Archbishop of Amargh and a biblical scholar 
who, in his Annales veteris testamenti, had calculated from the Scriptures that the 
world was created in 4004 BC (Ussher 1650). Another biblical scholar and follower 
of Ussher, the Rt. Rev. Joseph Barber Lightfoot (1828—1889), Bishop of Durham, 
was likewise incensed. 

Livingstone (1857) responded: 


Arguing with the peculiar mental idiosyncrasy resembling colour-blindness, common 
among the French of the time, these savants came to the conclusion that “therefore there 
never was any flood at all". I would back a true mowana [baobab] against a dozen floods, 
provided you do not boil it in hot sea-water; but I cannot believe that any of those now alive 
had a chance of being subjected to the experiment of even the Niacin deluge. 
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However, Livingstone did concede that the trees lived to a great age. From a fallen 
tree in Angola with an average of 2.7 ‘annular rings’ cm"! radius, he calculated that 
a tree 10.4m in diameter ‘would lack some centuries of being as old as the Christian 
era. Though it possesses amazing vitality it is difficult to believe that this great 
baby-looking bulb or tree is as old as the pyramids’. 

Blunt (1923), a forester serving in the Sudan, suggested a maximum age of 
1,000 to 2,000 years. His reasoning was based on the tree’s slow growth and great 
size, and the local belief that some trees were very old. This suggestion was 
strongly ridiculed by Douglas Newbold, then a District Commissioner, on the 
grounds that no shallow-rooted tree could possibly survive 2,000 kharifs (winter 
seasons) with their gales and storms. He cited the findings of W.R.G. Bond who, 
while Governor of Fung Province, suggested from a ring count that a felled tree of 
about 3m in diameter was approximately 100 years old, giving an annual radial 
increase of 1.5cm (Newbold 1924; Parr et al. 1924). Fung Province, now part of 
Al Wasta, formerly known as Blue Nile Province, has a mean annual rainfall in the 
region of 800—900 mm, so rapid growth is to be expected. 

The former Southern Rhodesian forester Graham Guy (1970) reported that a 
baobab planted at Messina railway station in January 1915 had, in April 1967, a 
gbh of 391 cm (62 cm radius), and that a 56 cm core gave 51 rings; the бст differ- 
ence suggests that the tree had been planted as a 2-year-old sapling. He also 
claimed that cores from trees of known age, treated with phloroglucinol in absolute 
alcohol and concentrated hydrochloric acid, showed the number of rings within 296 
of the age of the tree (Guy 1971). This only proved that young trees produced 
annual rings since they had to be relatively young for their age to be known. The 
limitations of core borers for determining the age of baobabs are discussed in 
Appendix 4. 

Counting baobab growth rings can be an extremely difficult, and sometimes an 
impossible task, as I discovered when I presented a wood sample to the anatomists 
at the Royal Botanic Gardens, Kew. Indeed, scientists are still divided as to whether 
the baobab actually produces regular annual rings. Growth rings may not necessar- 
ily be annual in older trees; their water requirements may not be satisfied every 
year, so that the rings may be too narrow to distinguish with any certainty, or 
growth may cease and no rings be formed. Aitken (1990) recommended core sam- 
pling along at least three radii in case a missing ring in one core is microscopically 
visible in another. Johansson (1999) discovered that where the core samples tra- 
versed the trunk diameter, ring counts of saplings differed by 1—5 either side of the 
centre. A detailed cross-section examination even showed a few rings split into two 
along part of the circumference. 

It seems likely that trees growing in regions with a regular annual rainfall will 
produce reliable annual growth rings, while those growing in areas with irregular 
rainfall and subject to drought will produce them less reliably. This conclusion is in 
agreement with Fahn et al. (1981) who pointed out that many tropical trees appear 
to form more or less pronounced zonations similar to annual rings. However, these 
layers do not always represent 1 year's growth, but may be found regularly or 
irregularly over longer or shorter time periods. In trees with indistinguishable 
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growth rings, changes in fibre length and other anatomical features should be 
sought along radii of known age. 

Much more research covering a wide range of rainfall and ground water regimes 
needs to be carried out before growth rings can be satisfactorily used for age deter- 
minations. What really happens in times of drought? Do growth rings cease or is 
the contraction in trunk diameter due solely to water loss from the tissues? Special 
core-boring tools would have to be designed to cope with trunks of 5m or more in 
radius. There is also the problem of old baobabs with rotten or hollow trunks, and 
the difficulty in extrapolating for an imprecise central core! 

A more gruesome dating is mentioned by the Colonial Civil Service officer, 
anthropologist and explorer, F.W.A. Migeod (1922), also cited in Newbold (1924). 
Kamata, a section head of the Ngala, died in about AD 1600. It was claimed that 
he was buried near the northern gate of the now ruined palace of the Mai of Ngala 
(Sultan of the Ngala, a tribe to the south of Lake Chad); a baobab is said to have 
grown out of his head! By 1920 the tree was about 1.2 m in diameter, suggesting an 
annual growth increment of 3.75 cm. Maybe the baobab benefited from high nitrate 
and phosphorus levels leaching from the cadaver. Perhaps greater credence would 
be given to this story if it could be shown that Kamata had choked on a baobab 
seed. However, Migeod offered a more prosaic suggestion; that somebody planted 
the seed. 


2.2.1 Radiocarbon Dating 


During bush-clearing operations at Lake Kariba in Zimbabwe, wood samples were 
taken at 0.6m from a felled baobab about 4.5m in diameter. Radiocarbon dating, 
based on a “С half-life of 5,568 years, gave the heartwood an age of 1,010 + 100 
years BP and, midway from the centre, 740 + 100 years BP. The sample adjacent 
to the bark, which probably covered 4 or 5 years of growth, gave 1-2% higher “С 
activity than that of age-corrected 1,890-years-old wood. The results suggest that 
the outer 2.2m of wood grew more slowly than the inner wood. The average annual 
increase in radius over the last 1.14m was 1.5mm, while the measured average 
width of the annular growth for the last 20cm was about 1.1 mm (Swart 1963). This 
slowdown in growth with age agrees with the findings from the girth/diameter read- 
ings noted above for Messina. 

The results cannot be used as a yardstick for estimating the age of other baobabs 
because the diameter couldn’t be measured at breast height. Neither is it known 
whether the trunk was regular or irregular in cross section, and any fluting due to 
branch buttresses would exaggerate the trunk diameter. This criticism also applies 
to the measurements of a 600 years old baobab from the Kruger National Park with 
a diameter of 5m (Roodt 1995). 

Robertson et al. (2006) have reported that the southern hemisphere bomb 
radiocarbon curve of a recently fallen baobab from the Kruger National Park 
showed that the growth rings were annual. The hypothesis that the plant’s 
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reponse to climate will be enhanced relative to extraneous ‘noise’ from 
changing atmospheric "C composition, was tested by examining a specimen 
from Skukuza. The detrended C isotope values of finely ground whole wood 
were found to be highly associated with January precipitation during the period 
1981 to 2002, demonstrating the potential of C isotope values of baobabs as a 
palaeoclimatic proxy. 

An enormous baobab near Tsumkwe in north-eastern Namibia, known as 
Grootboom, unexpectently died in 2004. The trunk had a gross dbh of 30.6 m, and 
was composed of six fused stems, which collapsed successively. The twelve radio- 
carbon dates indicated that the oldest sample was more than 1,275 years old (AD 
730), while estimates augmented the age of the tree to 1,350-1,500 years. The 
results indicate that the baobabs are the longest living angiosperms. The authors 
argue that five young baobabs developed from a collapsed parent tree (or maybe 
from the stump, as in Fig. 18), and grew together until 600—800 years ago, when they 
fused. The sixth stem was the result of the fusion of three adjacent independent 
stems. The absence of leaves for genetic examination meant that authors were una- 
ble to prove that the stems were clones and had not arisen from individual seeds. 
However, the absence of any phenological or morphological differences between 
individual stems suggested that they were clones (Patrut et al. 2006a, b, 2007). 
Carbon-14 dating of the heartwood of A. gregorii, 1.6m dbh, growing near the East 
Baines River, Northern Territory, showed the tree to be at least 150 years old 
(Bowman 1997). With an annual increase in diameter of about 1 cm the tree is obvi- 
ously very slow growing. 

A baobab growing on the left bank of the River Ganga at Prayag (Allahabad) 
is reputed to be more than 3,000 years old (Anonymous 1979), which seems 
rather excessive. Current belief is that Arab traders introduced the tree into 
India, possibly as early as the 7th or 8th century AD (see Chapter 13 for fur- 
ther details). 


2.2.2 Death 


The death of a baobab due to old age, disease or drought is not a majestic crashing 
to the ground but rather a dismal subsidence into an ignominious heap of fibrous 
material that bleaches white and eventually decays without trace. In a letter to Sir 
William Hooker dated 24 June 1863 Thomas Baines describes a partially dead 
baobab from the edge of the desert highland in Botswana: 

the largest except one I have seen ... the standing part measuring 191 feet and the fallen 

about 40. I do not know how long a fallen Baobab takes to decay, it goes down like a roll 

of brown paper wetted — the first season and grass fires burn some and dry the rest and I 


should think from the appearance of some I saw going and coming - that half a dozen sea- 
sons would go far to clear away a large trunk. (Stevenson 1999) 


Penny Miller (1979) wrote: ‘When the tree dies the process is Orthello-like 
— a pillar of Herculean strength and nobility, disintegrates into a mound of pulp.’ 


158 8 Baobab Biology 


Guy (1971) described how the death of a baobab from drought is sad to 
watch because it is spread over a number of years. The bark first appears 
mottled and then wrinkled, and the topmost twigs die. The base of the tree may 
look as if it has swollen and forced the soil away and then shrunk, leaving a ring 
of soil. In the following years major branches die back and the trunk appears 
increasingly unhealthy, exuding a reddish gum, which dries to form white 
spots. Eventually the whole tree collapses on itself or falls to one side, and 
quickly rots away. 

Diana Mayne (2006, personal communication) reported on the death of a 
baobab on Dorothy, а farm 20 km to the south of Messina, which also contains 
the Skelmwater baobab sample plot. After the branches had fallen the bark 
sloughed off from the erect and rotting trunk (Plate 14); this was caused by the 
wood contracting faster than the bark. Mayne found the decaying wood very 
hot to the touch. There was also an exudation of an ochre-coloured gum and 
the formation of white ‘pock marks’ on the discarded bark. These observations 
agree with those of Guy (1971) and Caplan (1995). The pock marks are 
believed to be symptoms of a secondary infection, the primary cause of death 
being a lowering of the water table due to drought. Another baobab on the 
Limpopo shed sheets of wood as well as the bark before finally collapsing. The 
shedding of bark by a dying baobab has not been previously reported and is 
therefore believed to be a rare event, possibly associated with drought and 
fungal infection. 

The death of the Grootboom baobab is described by Pátrut et al. (2006b): 


At the end of the 2003/4000 rainy season, Grootboom was full of leaves and looked very 
healthy until early June 2004. In late June 2004, however, it started dying suddenly. Several 
branches fell at first, approximately two months before the trunk began to collapse. The 
huge trunk collapsed successively in no less than six stems. The last stem fell around New 
Year's eve 2005. 


In Madagascar, bark was shed by a dying A. madagascariensis at Baie de Morambe 
but no fungal infection was seen. The death of an A. grandidieri due to waterlog- 
ging from an irrigation project was observed at Morodava. The branches had fallen 
but the bark was intact when the tree collapsed (Mayne 2006, personal 
communication). 

It is alleged that the fibrous heap may sometimes spontaneously combust, 
causing bush fires and much damage to the environment. It has been similarly 
reported from South Africa that under certain circumstances moisture finds its 
way into small cavities in the trunk; decomposition sets in, followed by sponta- 
neous combustion. The spectacle of spiralling smoke rising from the tree as it 
slowly but surely burns itself to death appears to bear witness to this tragedy 
(Cashel 1995). The heating of the wood reported by Diana Mayne (above) sup- 
ports the possibility of spontaneous combustion. However, other commentators 
are sceptical and reject spontaneous combustion in favour of lightning igniting 
the tinder-like residues. 
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2.3 Natural Regeneration 


Throughout its distribution area in Africa many observers have commented on the 
lack of natural recruitment of A. digitata. However, because of its longevity, only 
a low rate of recruitment is required to maintain populations. In the drier areas, such 
as the Sahel and Botswana, natural regeneration occurs in exceptionally wet years 
and the seedlings require either ground water or at least 350mm annual rainfall to 
survive. Even in South Africa, with an annual rainfall of 400—500 mm, it has been 
estimated that regeneration only occurs once every 100—150 years. Increasing 
human and livestock populations, expanding cultivation and deforestation have 
further exacerbated the effects of climatic change. 

In central Africa the concentration of elephants in the game reserves has been 
held responsible for the lack of recruitment (Villiers 1951; Robertson-Bullock 
1960; Owen 1974; Caughley 1976; Barnes 1980, 1985; Weyerhaeuser 1985), 
although Guy (1970, 1982) considered long-term changes in climate and land use 
were the major factors. See Chapter 9 for further discussion. 

A population explosion during the past century, a rapidly expanding agriculture 
(especially irrigation projects), deforestation, overgrazing and fire are also pre- 
venting natural regeneration in Madagascar. Stratton (1965) reported on the ease 
with which tractors and bulldozers were able to clear baobabs from the fertile 
alluvial soils bordering the Mangoky River, for the planting of commercial crops 
such as cotton. 

In Australia land management has dramatically changed during the last 200 
years from that of a hunter and gatherer economy to European pastoralism. In some 
areas severe overgrazing has reduced wild fires, which in turn, has affected regen- 
eration. There are examples of what appear to be one, two or possibly several gen- 
erations of young trees growing under the canopy of a parent boab (Plate 15), 
indicating the absence of burning and herbivory. This transformation is too recent 
for observations to have been made on the effect of competition for light, food and 
water on survival of these stands but it is suspected that the largest trees, with their 
greater demand for water, would be the first to succumb to drought. 

In Senegal Adanson (1761) noted that baobabs were subject to a decay of the 
wood that caused the trunks to snap in a high wind. He blamed the numerous scarab 
larvae and beetles present for the decay. However, he may have expected such a 
large tree to have tougher wood, which he described as ‘pithy’. Tappan (2004, per- 
sonal communication) also noted that baobabs in Senegal are prone to topple in 
strong winds and die. The loss of natural windbreaks due to excessive land clearing 
is a possible cause. Since the region where this toppling occurs has about 600mm 
annual rainfall, drought is ruled out. 

In the lower rainfall regimes the loss of turgor pressure during periods of drought 
could cause branches to snap off in high winds and, in a severe drought, a tree to top- 
ple. The taller baobabs in the Sahel are known to be susceptible to wind damage 
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despite their spreading root system; therefore, it is customary to reduce the risk by 
pruning the crowns (Drar 1970). Crown pruning is also practised in West Africa to 
encourage the growth of edible leaves for human consumption (see Chapter 4). 

One night in 1967 a baobab growing in the prison compound at Kasane, 
Botswana, disintegrated. In a couple of weeks the tree was reduced to a stinking 
pulp. By 1977 a new shoot had arisen from the stump and attained a height of 10m 
(Henry 1980). 


2.31 Regrowth 


Esterhuyse et al. (2001) cited examples of baobabs with multiple trunks, includ- 
ing a clump of nine trees on Glencoe farm near Hoedspruit in Mpumalanga; these 
may be due to several seeds germinating together. He also mentioned a baobab 
‘at the Gootsa Pan, Botswana with about five straight trunks that fused at about a 
man’s height’. 

Other cases of multiple stems can be ascribed to damage to the rootstock. Rupert 
Watson (2003, personal communication) had a 0.6m high sapling in his garden in 
Nairobi that produced a 15cm tall shoot from below ground level, which certainly 
suggests sucker regrowth from a damaged rootstock. 

Unbroken branches of A. digitata uprooted by the wind continue to function 
normally despite only a small portion of the original root system remaining in the 
ground unbroken and clearly inadequate for continuing growth (Fig. 17). Numerous 
new vertical shoots are also produced along the upper surface of the horizontal 
trunks and attain at least the cone phase sensu Breitenbach (1985a). Similar 
regrowth has been observed on fallen trunks of A. rubrostipa and A. gibbosa (Plate 16) 
and probably also occurs in the other species. 

Chapotin (2005, personal communication) examined several fallen A. rubrostipa 
growing on a dry rocky outcrop in the Kirindy Forest. While the main branches 
appeared to have died back in the majority of specimens, the trunks remained alive 
and continued to increase in diameter, but with more pronounced growth on the 
upper surface, so that the trunks in cross section appeared more elliptical or obovate 
than round. Some of the vertical shoots were over 1 m in diameter. Excavation 
beneath one fallen trunk showed that it had produced roots where it made contact 
with the ground. 

Brown (1985) noted that A. gregorii is also a survivor. Examples can be seen of 
trees completely removed from the soil by wind, floodwater or earthworks, which 
have continued to grow and taken root in their new position. 

In Senegal a baobab around 50 years old was felled and from the sawn stump, 
1.6m in diameter, there arose a strong central shoot, with several others around the 
periphery (Fig. 18). The callused annual growth rings were clearly visible on the 
cut surface (Adam 1962). A careful examination of any baobab will often show new 
peripheral shoots arising from the stumps of broken trunks or branches. However, 
there have been no other reports of regrowth from the centre. The wound-healing 
process is described in Section 4.4.1 below. 
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Fig. 17 A fallen Adansonia digitata in Kordofan Province, Sudan, showing new vertical shoot 
growing from upper surface of trunk despite many of the lateral roots having broken. Note the 
absence of a taproot. 


Peripheral regrowth has also been observed from a broken trunk of A. gregorii 
(Plate 17) and a broken branch of A. grandidieri. The fused trunks seen in Plate 13 
may have arisen in a similar fashion from a broken trunk. 

Kondo (1997) photographed the trunk of one A. grandidieri in the Morondava 
suburbs divided into five slender, vertical trunks of differing diameters, arising at 
varying heights from near the base. Such splitting could have been caused initially 
by damage to the young growing point and subsequently by destruction of lateral 
branches. 

Bowman (1997) noted the capacity of seedlings to resprout from their large, 
tuberous taproots, 9cm long and 3cm in diameter, following a late dry season fire. 
Further work is required to discover the age limits of such resprouting, and how 
many successive fires are required before no further resprouting occurs. 


2.3.2 Root Development 


The seedlings develop a swollen, turnip- or carrot-like taproot (Fig. 19), which 
initially functions as a water storage organ, and is retained in young trees. The func- 
tion becomes redundant once the trunk has developed a water-storage capacity and 
the taproot then disappears. 
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Fig. 18 The stump of Adansonia digitata from Dakar, Senegal, showing annual rings on the suber- 
ised cut surface, a new central shoot (severed) and peripheral shoots. (From Wickens 1982a.) 


Taproot development is almost certainly related to soil depth, soil moisture and 
the underlying substrate, and requires further investigation. The available informa- 
tion is contradictory. Blunt (1923) reported that in some countries the taproot was 
estimated to be as deep as 20m. Similarly, Schutte (1954) reported large taproots 
on baobabs uprooted during the ill-fated Groundnut Scheme in Tanzania in an area 
where most of the neighbouring species had shallow root systems. Irvine (1961) 
went as far as to state that in Ghana it is dangerous to walk over the site of a dead 
baobab because one might fall into a pit filled with decaying pulp left by the rotting 
taproot. The Malagasy villagers near Morondava also speak of the dangers of cattle 
falling into pits left by fallen baobabs (Chapotin 2005, personal communication). 
Yet in Kordofan Province, Sudan, I examined the root systems of at least a dozen 
baobabs that had blown over, none of which showed any sign of a taproot, irrespec- 
tive of the texture and depth of soils; neither did I find a pit deeper than 1m 
(Hunting Technical Services 1964). Chapotin also found no signs of taproots on 
fallen A. rubrostipa on a dry rocky outcrop in the Kirindy Forest, but noted distinct 
taproots on two small and possibly young A. za growing by a stream bank. 

The lateral root system begins to develop during the second and third year. In 
the adult tree these roots are often massive and radiate from the trunk along or just 
below the surface for 40-100 m or more. Baobabs should not, therefore, be planted 
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Fig. 19 Adansonia digitata 
seedling aged 3 years. 
(Reproduced with permission 
from Baobab Fruit Co., 
Senegal.) 


near permanent constructions and roads in case the roots undermine the foundations 
(Livingstone 1857; Wickens 1982a; Guy 1971; Maundu et al. 1999). 

From the geometry of root girth measurements and the angle of dip of a gently 
descending lateral root, Fenner (1980) calculated that for a baobab with an esti- 
mated height of 32 m, the roots would radiate out for 43.9 m and cover an area of 
approximately 0.6ha, and that they would terminate 1.8 m below the surface. The 
shallow root system enables the baobab to take advantage of the slightest shower. 
However, root competition for water could be a factor limiting baobab density in a 
given area. 

Guy (1971) noted that in a calcrete area of Botswana, the roots are capable of 
cracking and heaving up great slabs of rock, and in the South African lowveld, 
often split boulders apart. A photograph by the South African botanist Robert Allen 
Dyer (1900-1987) shows a baobab on the road between Dongola and Messina, 
Limpopo Province, that has heaved aside a slab of rock with an estimated weight 
of 30t (Drawings Collection, Royal Botanic Gardens, Kew). 

Bà et al. (2000) tested the dependency of the baobab on arbuscular mycorrhiza 
and demonstrated that, although the roots could be colonised by Glomus sp., 
dependency was low and produced no increase in biomass. 
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3 Phenology 


3.1 Leaf Development 


Baobab seedlings and saplings are often not recognised in the wild because they 
lack the characteristic swollen trunk and palmately digitate leaves of the adult tree. 
Saplings often retain their simple (not unifoliate) seedling leaf form for several 
years. Observations on pot-grown plants have shown that the variation in leaf shape 
can occur from a very early age. The first simple seedling leaves can sometimes 
change quite dramatically, the seedling producing a digitate fourth leaf, or gradu- 
ally, with leaf margins irregularly toothed after the first 10—12 entire simple leaves, 
followed by progressive foliation after the twelfth node (Lubbock 1892; Perrier 
1952b). The simple leaf may persist for years, occurring in combination with 2- and 
3-foliate leaves on young saplings, and those with up to 5—7 leaflets on adult trees 
(Guy 1971). David Baum (2001, personal communication) has confirmed that he 
too has observed a plant producing simple leaves for several years while others 
have started forming compound leaves in the first year. 

Leaves are present throughout the rainy season and are shed at the start of the 
dry season. My field observations in the Sudan, and an examination of leafy her- 
barium specimens at Kew, have found that even mature trees may undergo an 
annual form of pseudomorphosis, each annual flush commencing with simple fol- 
lowed by 2-foliate, etc. juvenile leaves. These soon fall and are replaced by the 
familiar digitate leaves. This sequence of development is most readily seen on the 
leafy tubercles found on trunks of trees that appear to have been stripped of their 
bark in the distant past and have now fully recovered. Baum (2001, personal com- 
munication) has noted a similar but inconsistent sequence with A. madagascariensis. 
He also noted variation within a single tree. Some shoots, often originating from 
the bole, produced simple leaves early on, while the bulk of the tree produced com- 
pound leaves. This phenomenon requires further investigation. 

The baobabs are distinctly deciduous, and in Zimbabwe the leaf buds become 
active before the first rains in about mid-October, possibly in response to daylight 
length or changes in temperature in the previous | or 2 months. The leaves then take 
approximately 1 month to emerge fully, although the development rate is slower when 
the rains are late or poor. Leaf fall occurs at the end of the rains between May and 
July and appears to be related to rainfall and temperatures during the hot wet season 
(Swanepoel 19932). In the more humid zones, e.g. around Bouaké in Ivory Coast, 
leaves are reportedly produced throughout the year (Sidibé and Williams 2002). My 
observations in the Sudan show that some baobabs in favoured sites may produce 
leaves throughout most of the year apart from the height of the dry season. 

In Madagascar the baobab's leaves appear with the first rains, at the time when 
most other tree species are flowering. Leaf fall at the start of the dry season is more 
irregular, both between baobab species and within a species, depending on such 
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factors as age of the individual, rate of growth, environment, etc. (Perrier de la 
Bathie 1921; Koechlin et al. 1974). 

Saville-Kent (1897) noted that A. gregorii is normally deciduous and usually 
bare of leaves during the dry season but observed: ‘There are some trees to be 
found in full foliage at any season of the year.’ This could be because foliage per- 
sists longer on trees growing in favoured locations. 


3.2 Flowering 


Flower buds of A. digitata appear with or shortly after the leaf buds, with peak 
flowering approximately a month later, although a few trees may produce their 
flowers after the peak period. While most trees flower every year, some may flower 
less frequently. Although 20 years is the generally accepted age for flowering of 
A. digitata to commence, Dalziel (1937) for West Africa and Pardy (1953) for 
southern Africa noted that flowering and fruiting could start at 8—10 years, the 
numbers of flowers per tree increasing up to 30 years. The flowering season for 
A. digitata is usually at the start of the rainy season, although in Kordofan Province 
of the Sudan I noticed some flowers every month except for the last three months 
of the dry season (January—March). These observations were made over a wide 
range of soils and soil moisture regimes between 12° and 14° S. Unfortunately 
insufficient data were collected for any correlations to be made (Hunting Technical 
Services 1964). In the Bouaké region of Ivory Coast the baobabs are reported to 
bear fruits, and presumably to flower, twice a year (Sidibé and Williams 2002). 
Behaviour under a bimodal climatic regime has not been recorded. 

A. digitata at Lombadina and A. madagascariensis in Broome, Western 
Australia, first flowered after about 13 years, while A. gregorii normally flowers 
when 12 years old (Lowe 2005, personal communication). 

The months during which the baobabs of the southern hemisphere are flowering 
are shown in Table 17. Obviously there will be seasonal variations depending on 
the start, duration and intensity of rainfall, as well as on latitude and edaphic condi- 
tions, such as available soil moisture, etc. 

Dr. von Breitenbach and his wife carried out an intensive 4-week phenological 
study in November and December 1952 of baobabs at the northern foot of 
Soutpansberg (Fig. 20). Equipped with flashlights and endless patience, they made 
careful observations of the opening and closing of the flowers. Buds started swell- 
ing in the late afternoon, opened mainly between 6.30 and 7.30 pm and had finished 
opening by 8.30-9.00 pm, each flower taking some 20 min to unfold, and a further 
30 min of jerky movements to smooth out any remaining wrinkles. By early morn- 
ing the staminal bundle was fully exposed, thereafter the petals gradually closed 
and the flower had completely wilted by late afternoon, which means that the flow- 
ers have a 24h life and a functional pollination life of 16—20h (Breitenbach and 
Breitenbach 1974). 
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Table 17 Flowering periods of Adansonia species in the southern hemisphere. (From Baum 
1995b; Mullin 2002.) 


Rainy season Dry season 

Months N D J F M A M J J A S о 
A. digitata + + + ? 2 7 ? 7 - - - - 
A. grandidieri + + + ? = 
A. suarezensis + + ? ? = 
A. rubrostipa - - - + + + ? ? = = a = 
А. perrieri + + 
А. madagas- - = E + + + 

cariensis 
A. та + + + + 
A. gregorii + + + 


Fig. 20 Stages in the opening of a flower of Adansonia digitata: (1) bud about to burst open; (2) 
flower just after opening in the evening; (3) maximum opening of flower the following morning 
showing sepals and petals reflexed to fully reveal the stamens; (4) flower at noon with sepals reas- 
suming position at 2 pm; (5) wilted flower in the evening showing collapse of calyx, and corolla 
tube sliding down the staminal tube. (After Breitenbach and Breitenbach 1974.) 


4 Pollination 


Non-flying mammals that regularly visit flowers for food often occur in areas 
where flower-visiting bats are either sporadic in occurrence or absent. They are 
well represented by some of the phalangeroid marsupials (possums) in Australia, 
rodents in Australia and South Africa, bush babies in tropical Africa and lemurs in 
Madagascar. The lemurs in Madagascar are mainly vegetarian but also eat some 
insects and meat. The diurnal lemurs, like many African primates, feed intermit- 
tently and destructively on the flowers, while those nocturnal lemurs that feed regu- 
larly on flowers are believed to be non-destructive. 
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Fig. 21 The distribution of Adansonia species (dots) and Pteropus and Rousettus fruit bats. All 
other Megachiroptera genera fall within the Adansonia range. (Based on Marshall 1983.) 


Adansonia species have large, strong flowers capable of withstanding strong 
claws; the flowers open wide at dusk to allow a roomy entrance and access to a 
copious nectar supply. Such flowers are considered well adapted to pollination by 
non-flying mammals such as lemurs and bush babies. This feature has led Sussman 
and Raven (1978) to state that there is strong circumstantial evidence for the coevo- 
lution of plants that are adapted to lemur pollination, such as Adansonia, and that 
this coevolutionary relationship is ancient. However, Nilsson et al. (1993) argued 
that, while plants depend on lemurs for pollination, the lemur diet is highly varia- 
ble, and while minor lemur adaptations to nectarivory may not be ruled out, the 
mutualistic relationship between certain flowering plants and lemurs appears to be 
highly asymmetric, providing no clear evidence for plant-pollinator coevolution. 

Fruit bats (Megachiroptera: Pteropodidae) are widespread in the Old World 
Tropics (Fig. 21); all eight species of Adansonia fall within their range. Fossil bats 
are known from the Eocene, c. 60 myBP, with the Megachiroptera first represented 
in the Oligicene, 35 myBP (Mickleburgh et al. 1992). 

Fruit bats are entirely vegetarian and have very similar food requirements to 
lemurs. A number of factors make baobab flowers attractive to bats (and non-flying 
mammals). Bats are attracted by strong floral odours, ranging from a foxy or fishy 
stink to a smell of sour milk or a strange essence of cucumber. White, drab or dark 
red nocturnal flowers, which usually last only one night, are also attractive to bats. 
Large, strong flowers or inflorescences that are held away from foliage, especially 
paniculate or campanulate flowers, suit both the bat’s ability to fly unhindered and 
its posture when feeding. The presence and accessibility of copious quantities of 
nectar or pollen are also important (Pijl 1934; Marshall 1983; Baum 1995a). The 
large body size and strong flight of fruit bats suggests that they are likely to bring 
about cross-pollination. 
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Until the 1930s bats were generally not considered to be important pollinators 
in the tropics, but from the description of A. digitata flowers by Mrs van Harreveld- 
Lako (1926) at Pasuruan, Java, Leedert van der Pijl (1934) suggested that the 
baobab had the characteristics of a bat-pollinated flower. Later the Viennese biolo- 
gist Otto Porsch (1935) and Pijl (1936), working in the Botanic Gardens in 
Buitenzorg (now Bogor), Java, were able to confirm this hypothesis, but no detailed 
studies were made. 

The pollination of A. digitata has now been fairly extensively investigated and 
the literature reviewed by Wickens (1982a) and Dobat and Peikart-Holle (1985). 
The remaining Malagasy and Australian species have received relatively little 
attention and certainly no nocturnal studies had been done prior to the meticulous 
observations of Baum (1995a). 

Bats are the major pollinators in section Adansonia (A. digitata), with bush 
babies either minor pollinators or pollen thieves, and hawk moths pollen thieves. 
Pendent flowers borne below the rounded crown are especially suited to bat 
pollination, albeit offering limited accessibility to bush babies and other non-flying 
mammals. It is likely that the nocturnal opening also reduces pollen and nectar 
losses to diurnal animals such as bees and sunbirds (Baum 1995а). 

Mammals are the primary pollinators in section Brevitubae. Nocturnal lemurs 
are the main pollinators of A. grandidieri, at least for the Marofandelia study area, 
although fruit bats are important in areas where lemurs are absent. Fruit bats also 
play as major role in pollinating A. suarezensis. Hawk moths, bees and sunbirds, 
and possibly nocturnal lemurs, are potential nectar and pollen thieves. Like those 
of section Adansonia, the nocturnal, musky-scented, pale flowers, with nectar 
accumulating in the base of the cup-shaped calyx, are characteristic of flowers 
pollinated by bats and non-flying mammals. Fruit bats are not agile fliers and 
therefore require easily accessible flowers; trees with a flat-topped crown and flow- 
ers supported by erect, sturdy stalks, provide an accessible platform suitable for 
lemurs. The dry-season flowering coincides with the low availability of alternative 
feed, making the baobab nectar a very attractive food. Thus, the phenology of 
section Brevitubae tends to favour mammal pollination (Baum 19952). 

Section Longitubae offers a radically different pollination system from the two 
previous sections, with long-tongued hawk moths (Sphingidae) the major pollina- 
tors. The trees have rounded crowns and upward- and outward-forking branches that 
do not expose the flowers beyond the canopy, an arrangement that does not favour 
mammal pollination. There is no contribution from bats, and nocturnal lemurs seem 
to be insignificant pollinators. Nectarivorous birds are regarded as nectar thieves, 
although honey birds in Australia could be minor pollinators of A. gregorii. 

The sweet-smelling flowers opening at night, with their pale and highly visible 
androecium, are attractive to sphingid moths. The nectar supply is less copious than 
for the other two sections, and is well protected within the tubular calyx, with addi- 
tional protection offered by overlapping petals. The stiff and upward-pointing hairs on 
the inner surface of the calyx also make it difficult for nectar to be obtained from 
outside the petals. The concealment of the nectar also means that short-tongued, 
settling insects are able to obtain little or no nectar. The only insect that can obtain 
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nectar is the hovering hawk moth, by inserting its flexible proboscis through one of 
the five openings between the petal bases and along the exterior of the staminal tube 
into the nectar chamber. The stigma-to-nectar distance in the elongated flowers of sec- 
tion Longitubae is similar to or longer than the proboscides of the pollinating 
Sphingidae, thus obliging the hawk moth to partially enter the calyx and so provide an 
opportunity for the flower to deposit pollen on the body and wings (Baum 1995a). 

A breeding systems experiment showed no inhibition following self-pollination 
in growth of the pollen tube within the style following self-pollination for A. gran- 
didieri, A. rubrostipa, A. madagascariensis and A. gregorii; self-compatibility 
within the species studied is implied. In a separate study most of the unpollinated 
and self-pollinated A. gregorii aborted within 38 days, while 75% of cross- 
pollinated flowers retained their fruits. Such late-acting self-incompatibility with 
early abortion of fertilised ovules is also known in the Bombacoideae for Chorisia 
and Eriotheca (Baum 19952). 

In India sterility in A. digitata is quite common; all the ovules may degenerate. 
Nevertheless, the fruit develops normally, although seeds are rare. Such anecdotal 
evidence suggests self-incompatability. A solitary introduced A. digitata in 
Lombadina, Western Australia, also bore fruit, as did other isolated baobabs the 
West Indies. Whether these fruit contained viable seeds was not recorded (Rao 
1954; Varmah and Vaid 1978; Rashford, 1987; Willing 2002, personal 
communication). 


41 Adansonia digitata 


There are 12 genera with 26 species of fruit bats (Megachiroptera: Pteropodidae) in 
Africa; species are mainly confined to the equatorial forest, with some extending into 
the neighbouring savannas; a few of these are quite far-ranging (Bigalke 1978; 
Marshall 1983). So far, four species are known to pollinate baobab flowers in Africa. 

It was Jaeger (1945, 1950, 1954) who first completed detailed studies in Dakar, 
Senegal, on bat-pollination by the straw-coloured fruit bat (Eidolon helvum), in a 
natural population of baobabs. It is one of the largest of Africa’s bats, with a wingspan 
of about 75 ст and a body about 25 cm long (Bigalke (1978). Subsp. helvum is widely 
distributed through sub-Saharan Africa and subsp. sabaeum is found in south-west 
Arabia. The bats roost in exposed situations in the treetops and feed mainly on fruit; 
they have been known to eat young tender leaves, including those of the baobab 
(Sweeney 1969). The colonies, depending on the availability of food, tend to be local- 
ised, although in southern Africa these bats are considered ‘wanderers’. 

Jaeger recorded how a bat arrived with 'the speed of an arrow' and, head down- 
wards, clasped the pendent flowers; after about a second, it departed with equal 
rapidity. During this brief period its long, papillate tongue had licked at the nectar 
in the base of the petals. In the course of these manoeuvres, clouds of pollen were 
shaken from the anthers and adhered to the bat. As the bat left the flower it 
inevitably brushed against the stigmas and thereby transferred some of the pollen. 
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In the morning, claw-torn petals bore silent witness to the nocturnal visit. The pres- 
ence of quite considerable quantities of non-baobab pollen in their digestive sys- 
tems suggests that pollen is an important part of the bat’s diet, although no baobab 
pollen has yet been found. 

Duxoux (1983) noticed that only male bats (12 out of 12 observations) fre- 
quented baobab flowers and hypothesised that male bats might be attracted by 
mammalian female pheromones emitted by the flowers. While at Achimota, Ghana, 
Baker and Harris (1959) made the interesting observation that a flock of Eidolon 
helvum was attracted to flowering kapok (Ceiba pentandra) yet they paid no atten- 
tion to an introduced A. digitata that was flowering nearby. 

Pettersson et al. (2004) examined the chemical basis of floral scent of seven 
West African bat-pollinated tree species and found the rather sharp and unpleasant 
floral scent of A. digitata to be the only one based on a substantial proportion of 
sulphur compounds. In contrast, the floral scent samples of New World bat-pollinated 
trees frequently contained sulphur compounds. In both cases the dominant sulphur 
compound was dimethyl disulphide. While this suggests baobabs introduced to the 
New World may be attractive to the local leaf-nosed bats (Phyllostomidae), it does 
not explain the baobab's attraction for Old World fruit bats (Pteropotidae). 
Interestingly, sulphur compounds are present in New World populations of Ceiba 
but absent in West African populations, hence the apparent preference of Old World 
fruit bats for Ceiba rather than the baobab. 

Two other fruit bats were identified as major pollinators in West and East Africa. 
The Gambian epauletted fruit bat (Epomophorus gambianus gambiensis) occurs in 
woodlands and savannas of West Africa and eastwards to Sudan; in southern Africa 
it is replaced by Peters’ epaulette bat (E. crypturus, syn. E. gambiensis crypturus). 

The four subspecies of the Egyptian or dog rousette bat (Rousettus egyptiacus) 
are widely distributed through Africa and the Middle East to Pakistan. In sub- 
Saharan Africa the West African rousette (subsp. unicolor) occurs from Senegal 
southwards to Angola, and the Cape rousette (subsp. leachii) from southern Sudan 
and Ethiopia through East Africa to the Cape and is reported to feed on baobab 
flowers. The Arabian rousette (subsp. arabicus) is found from southern Arabia and 
southern Iran to southern Pakistan; there are no records of it pollinating the baobab 
in Oman but it is known to feed on the flowers of the related Bombax ceiba, syn. 
B. malabaricum. Subsp. aegyptiacus occurs in the eastern Mediterranean (Harris 
and Baker 1959; Start 1972; Ayensu 1975; Mickleburgh et al. 1992; Roodt 1995; 
Kwiecinski and Griffiths 1999; Mullin 2002). 

Peters’ dwarf epauletted fruit bat (Micropteropus pusillus) and Veld-kamp's 
dwarf epauletted bat (Nanonycteris veldkampii) have been observed feeding on 
baobab nectar in Ghana, but whether they also act as pollinators is not known 
(Marshall and McWilliam 1982). The former species is widely distributed in 
tropical Africa; the latter is found in West Africa migrating from open Guinea 
woodland to the savannas for the duration of the rainy season. 

Endemic to Africa, the epomorphorine bats are reported to have a tendency to 
migrate; they do not seem to be closely attached to a particular roosting tree and are 
consequently free to roam widely in search of food. Rousettus relies on echolocation 
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for flight navigation, a faculty enabling colonies to roost in dark caverns; they are 
confined to areas where caves are available. Nevertheless, this species has the wid- 
est distribution of all rousettine bats, occupying the whole of sub-Saharan Africa 
and extending into the eastern Mediterranean and Arabia (Bigalke 1978). 

In Kenya, Start (1972) and Baum (1995a) described R. egyptiacus feeding on 
baobab flowers, especially during the first 2h following anthesis. The baobab 
buds take about 20 min to unfurl. They do so in the evening when the bats, which 
usually roost in tree cavities during the day, come out to feed. A bat would 
approach the pendent flower from below, alight upside down, and use its feet and 
the first digit of the forelimbs to clasp the bundle of stamens while lapping the 
nectar from the base of the petals (Plate 18). Contact with the anthers and stigmas 
was clearly observed, the pollen changing the whole body colour from dark 
brown to mustard yellow. The visits lasted for 5—10s. The bat then dropped away 
from the flower and circled the tree before alighting on another flower; while the 
bat was feeding the flower was pollinated. Early morning risers may be intrigued 
by the spectacle of clearly defined marks of claws on the fallen petals before they 
have had time to wither. 

Coe and Isaac (1965) reported E. helvum feeding on baobab flowers some 30 km 
south of Mombasa but Start (1972) questioned whether they saw this species or 
R. egyptiacus; E. helvum had not been recorded from that area, although it occurs 
elsewhere along the coast of East Africa. He suggested that the authors may have 
been deceived by the heavy dusting of pollen, which, in a poor light, could be mis- 
taken for the colour of E. helvum. 

Leschenault's rousette bat (Rousettus leschenaulti) is widely distributed through 
southern Asia. In India it feeds on nectar and pollinates baobab flowers (McCann 
1940). Another possible pollinator candidate is the greater short-nosed fruit bat 
(Cynopterus sphinx), a known pollinator of nocturnal flowers. 

There are 11 species of bush babies (Galagonidae) in Africa. Nine have ranges 
more or less limited to the lowland forests, and the remaining two occur in the 
savannas. While their distributions may overlap in some areas, the greater bush 
baby prefers better-watered habitats. Both are rather appealing, nocturnal animals 
with long tails, and have attracted a great deal of publicity as pollinators, despite 
their more limited distribution than that of the fruit bats. 

The lesser bush baby (Galago senegalensis) is widely distributed through the 
savannas of tropical Africa southwards to Limpopo Province in South Africa, 
Botswana and Namibia. In East Africa it shelters by day in holes in trees, while 
further south it often rests in exposed leafy nests. The greater bush baby (Otolemur 
crassicaudatus, syn. Galago crassicaudatus) is the largest of the Galagonidae and 
is found from southern Sudan and Somalia southwards through East Africa to 
KwaZulu-Natal and southern Angola. It spends the day in large nests hidden in 
dense foliage high above the ground. In Kenya greater bush babies have been seen, 
with a telltale ring of pollen on their muzzles, feeding on baobab flowers. Thus, 
despite their destructive feeding habits, they too must act as pollinators (Coe and 
Isaac 1965; Cashel 1995). 
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A. digitata flowers emit what some describe as a strong carrion-like smell that is 
attractive to fruit bats. The smell is also known to attract bluebottles (Chrysomyia 
marginalis) and at least three nocturnal moths, the American bollworm (Heliothis 
armigera), red bollworm (Diparopsis castanea) and the spiny bollworm (Earias bip- 
laga). Bollworms, as cotton pests, are regarded with grave concern by agricultural 
entomologists, and their role, if any, as pollinators, requires further investigation. 
Members of the Hymenoptera (ants, bees and wasps) take advantage of the minute 
opening of the sepals in the late afternoon before the flowers have fully opened, to 
enter the bud and steal pollen grains from the ripe anthers. By so doing they may or 
may not assist in pollination (Guy 1971; Jaeger 1961; Humphries 1982). Baum 
(1995a) believes that, although ants will steal pollen, it is unlikely that they will make 
the unnecessary effort of contacting the stigma and pollinating the flowers. 

Jaeger (1945) suggested wind pollination as a possibility, which Baum (1995a) 
considered unlikely because the pollen is not particularly light and the stigmatic 
surface is small. 

How A. digitata is pollinated in the Caribbean and other areas is still unknown, 
although it is possible that Pteropus seychellensis comorensis pollinates the baobab 
in the Comoros Islands (Trewhella et al. 2001). Since Jamaican baobabs, for exam- 
ple, set relatively few fruit (Rashford 1987, 1997a) the resident bats are considered 
to be either infrequent or indifferent pollinators. The Jamaican fruit-eating bat 
(Artibeus jamaicensis) is a known pollinator of Ceiba pentandra and therefore can 
reasonably be assumed to pollinate the baobab, which also has a sulphurous scent 
(Blumenthal 2004, personal communication; Pettersson et al. 2004). The bat ranges 
from northern Mexico to Bolivia and central Brazil to northern Argentina and 
through the West Indies. 

Pijl (1936, 1955) made the interesting comment that bats were absent from 
Hawaii yet the introduced A. digitata bore fruit! He was mistaken, for Hawaii has 
an endemic member of the Vespertilionidae, the Hawaiian hoary bat (Lasiurus 
cinereus semotus). However, it is an insect gleaner, hovering near trees, and swoop- 
ing down to pick off crawling insects. Whether it makes contact with the anthers 
while gleaning insects feeding on the flowers is not known. 

By way of contrast, a baobab planted some 30 years ago at Lombadina, an 
Aboriginal settlement on the Dampier Peninsula, Western Australia, is fruiting well 
although the pollinating agent is not known (Willing 2002, personal communication). 
The northern blossom bat (Macroglossus minimus pygmaeus) is a possible candidate. 


4.0 Adansonia grandidieri 


At forest sites near Marofandilia the fork-marked lemur (Phaner furcifer) is responsible 
for the pollination of A. grandidieri. These lemurs have been seen to make non- 
destructive visits to the flowers, licking nectar from the base of the petals, and in the 
process pollen was deposited on their faces and then probably transferred to the stigma 
(Plate 19). The fat-tailed dwarf lemur (Cheirogaleus medius) also dwells in the eastern 
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forests but, as it hibernates during the dry season, is not considered to be a major polli- 
nator of A. grandidieri. During 2 weeks of nocturnal observations at the study site no 
bats visited the flowers, despite local opinion that they do visit baobab flowers. The 
absence of bats at this particular site may have been due to the presence of a nearby 
village whose inhabitants trap bats for food. In the morning following anthesis a few 
honeybees (Apis mellifera) and small sweat bees (Trigona spp.?) collected pollen but 
did not make contact with the stigma. They were clearly pollen thieves and not active 
pollinators (Baum 1995a). However, the endemic Madagascar straw-coloured fruit bat 
(Eidolon dupreanum) is the main pollinator of isolated A. grandidieri, where lemurs 
are unable to gain access (Racey 2004, personal communication). 

Andriafidison et al. (2006) also recorded non-destructive visits to the flowers by 
forked-marked lemur (Phaner furcifer), Coquerel’s dwarf lemur (Mirza coquereli) 
and Eidolon dupreanum. 

Hawk moths (Nephele comma) were consistent visitors during the first 30 min 
following anthesis and the 30 min before dawn, with a peak of eight visits within 
20min, each visit lasting 5—20s (Plate 20). The flowers, borne on short erect 
pedicels, were approached from the side, below the level of the anthers, so that 
no pollination occurred. Because they removed nectar that could attract legitimate 
pollinators, the hawk moths are presumed to have a slight negative effect on pollination 
(Baum 19953). 

Both the Madagascar green sunbird (Nectarinia notata) and the Souimanga sun- 
bird (N. souimanga) are attracted to baobab flowers in equal numbers, arriving soon 
after dawn. They perch on the flower stalk or calyx and insert their long bills under 
the filaments to feed on the nectar. Consequently, despite the high hourly rate of 5-10 
visits per flower, they are responsible for little pollen transfer (Plate 21). Until infor- 
mation is available about the ability of the flower to reabsorb excess nectar, it is 
unclear whether the sunbirds have a net negative or neutral effect on the plant. 

Thus, while A. grandidieri is clearly pollinated by nocturnal mammals, further 
research 15 still required (Baum 19952). 


4.3 Adansonia suarezensis 


Baum (19952), at his first study site in a heavily disturbed patch of deciduous forest 
in the Montagnes des Français, over more than a week of observations, failed to 
observe any nocturnal visits by bats to A. suarezensis. However, in the less dis- 
turbed deciduous forest at Beantely, he saw what he believed to be the Madagascar 
straw-coloured fruit bat (Eidolon dupreanum) visiting the flowers. These visits 
were concentrated in the hour following dusk, and then continued at a low rate 
throughout the remainder of the night. The moon was almost full and the bats were 
clearly disturbed by Baum's presence; nevertheless, he noted a peak hourly rate of 
14 visits per tree. The bats landed close to the erect flowers and then clambered 
over them. Each visit lasted for 20—305, with as many as nine flowers being visited 
in succession. The bats would usually leave immediately after completing a visit 
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and fly to another flower on the same or another tree, but sometimes a bat would 
clamber from one flower to another. The bats are thus likely to affect both self- and 
cross-pollination. Racey (2004, personal communication) and Andriafidison et al. 
(2006) have confirmed that Eidolon dupreanum is indeed a major pollinator of 
A. suarezensis, with visits peaking at times of maximum nectar concentration. The 
bat is found throughout Madagascar so it may also be responsible for the pollina- 
tion of the introduced A. digitata. 

Another possible fruit bat pollinator is the endemic Madagascar flying fox or fam- 
ily (Pteropus rufus). These bats will chew some flowers, such as those of Ceiba spp., 
so they should also regarded as potential nectar thieves of Adansonia (Jolly et al. 
1984). Their range is the eastern rain forest and the western dry forests. The third 
endemic fruit bat is the Madagascar rousette (Rousettus madagascariensis), but 
whether it visits baobab flowers is not known. It occurs in the dry forests from Tsingy 
de Bemaraha to the Ankarana Massif in the west, and in the eastern rain forests 
(Garbutt 1999). The amber mountain fork-tailed lemur (Phaner furcifer electromon- 
tis), is centred on the Montagne d' Ambre (Garbutt 1999) and a potential pollinator. 

Anthesis occurs in the late afternoon, up to one hour before dusk. Numerous 
honeybees, known as renitantely, i.e. ‘mother of honey’, visit the flowers between 
anthesis and dusk and again, with sweat bees, in the early morning. Both seek pol- 
len rather than nectar and make no contact with the stigmas. They presumably have 
a negative effect on the plant's reproductive ability. Baum noted infrequent noctur- 
nal visits by unidentified hawk moths. Since their proboscides were less than 5cm 
long and the approach was always from below the flower, there was no possibility 
of pollination. Souimanga sunbirds made post-dawn visits; as with A. grandidieri, 
they acted as nectar thieves. 

Thus, A. suarezensis is primarily pollinated by fruit bats, with lemurs as possible 
secondary pollinators in some areas. Although birds and insects were frequent visi- 
tors they are not considered to be significant pollinators (Baum 19952). 


4.4 Adansonia rubrostipa 


During David Baum's observations, long-tongued hawk moths (Coelonia solanii) 
visited the more or less horizontal flowers of A. rubrostipa throughout the night, 
with peak activity soon after anthesis. A moth usually approached a flower from the 
front and, when about 10cm away, extended its proboscis, inserting it through the 
central filaments down to the base of the flower and into the nectaries, during which 
action both the bodies and wings became dusted with pollen. Baum also saw moths 
making contact with the red style and stigma. Even when a hawk moth approached 
a flower from the side and inserted its proboscis through the peripheral filaments 
directly to the flower base, it still received a dusting of pollen. During insertion the 
moths usually made a brief upward and downward movement, similar to that 
described by Brantjes and Bos (1980), although Baum did not observe the swing 
hovering described by Wasserthal (1993) for this and other Malagasy sphingids. The 
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visits usually lasted 2—5 s, rarely up to 20s, with up to 18 visits per flower in an hour. 
As there were no other sphingophilous plants flowering in the Kirindy Forest during 
David Baum’s visit in February, and since the hawk moths spent little time in each 
tree, a high level of inter-tree movement is indicated. This clearly makes the long- 
tongued hawk moth the major pollinator of A. rubrostipa (Baum 1995a). 

Two species of nocturnal lemur, the fat-tailed dwarf lemur (Cheirogaleus 
medius) and the pale fork-marked lemur (Phaner furcifer pallescens) were fre- 
quently seen visiting the flowers (Plate 22), collecting nectar non-destructively as 
well as hunting insects, especially settling moths. Lemurs usually approached the 
flowers from the flower stalk but on a few occasions they approached from the apex 
and rubbed their vents over the anthers and stigmas, thereby transferring pollen to 
the stigmas. Individual lemurs frequently spent several hours in a single tree, 
although some movement between trees was also observed. Thus, both lemurs are 
potentially capable of some pollen transfer, though the forked-marked lemur may 
be less effective since it engages in bouts of grooming. 

Diurnal insects such as bees and flies paid rare morning visits following anthe- 
sis, but no pollination took place. At night, ants and settling moths gathered on the 
calyx of newly opened flowers but, because the distance from the nectar source to 
the stigmas is usually more than 20cm, no pollination was effected. It is unclear 
whether these nectar thieves were removing excess nectar or collecting nectar that 
would otherwise have attracted legitimate pollinators. 

Only once was a Madagascar green sunbird (Nectarinia notata), with its bril- 
liantly colourful and iridescent plumage, seen visiting a flower, and that was for a 
non-pollinating stay of only two seconds (Baum 1995a). 


4.5 Adansonia perrieri 


Two long-tongued sphingids, the endemic Coelonia solani and the more wide- 
spread Xanthopan morgani are the main pollinators of A. perrieri. C. solani is also 
the main pollinator of A. rubrostipa and A. za, while X. morgani has only been seen 
visiting A. perrerii (Baum 1995a). These are large moths, with bodies up to 6cm 
long and proboscides longer than 20cm (Nilsson et al. 1985, 1987). 

Most visits took place just after dusk, becoming much fewer later in the night. 
The moths hovered in front or slightly to the side of the flower and inserted their 
proboscides through the petal bases to feed on the nectar. Each visit lasted for 1—2 s, 
although a moth occasionally visited a flower several times in quick succession. 
The visitation rate varied considerably from night to night and from tree to tree, 
reaching a peak of one flower per minute for a 20 min period. There were occasions 
when the activity was so intense that the moths fought to gain access to the flowers. 
Baum attributed such intense activity to the almost simultaneous cessation in flow- 
ering of several alternative moth-pollinated plants in the forest. 

Baum also infrequently observed bees and butterflies seeking pollen and nectar 
respectively, but they did not contribute to pollination because they made no contact 
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with the stamens and stigmas. The Souimanga sunbird (Nectarinia souimanga) was 
an occasional early morning visitor, perching on the flower stalk and drinking nec- 
tar, again without contacting the anthers or stigmas. No short-tongued hawk moths 
were seen stealing nectar, which suggests that they were absent from Montagne 
d’ Ambre during the flowering season. Thus, only the long-tongued sphingids were 
seen to be contributing to the pollination of A. perrieri (Baum 1995a). 


4.6 Adansonia madagascariensis 


The study site in the Montagnes des Frangais was heavily disturbed and this distur- 
bance by man was believed to be the reason for the low frequency of floral visitors 
to A. madagascariensis. The only reliable visitors were honeybees, which collected 
pollen from the flowers as they opened in the late afternoon, during a period of 
5 тіп when the spreading calyx lobes formed an open-ended tube extending from 
just below the stigmas down to the anthers. Although bee pollination is possible, 
the brevity of the visits makes successful pollination unlikely. Long-tongued hawk 
moths are the most probable pollinators. Further observations in less disturbed 
localities are urgently required (Baum 1995а). 

The Comoros lesser flying fox (Pteropus seychellensis comorensis) is believed 
to feed on the nectar of A. madagascariensis, which had been introduced in the 
Comoros Islands, and to be responsible for its pollination (Mickleburgh et al. 1992; 
Andriafidison et al. 2006). 

In Brome, Western Australia, an introduced A. madagascariensis flowered for 
the second time in 2002 but did not fruit; a solitary fruit was produced in 2004 and 
five in 2006. The subglobose fruits in 2006 were 5—7 cm in diameter; one fell off 
and contained only one seed. Such low fertility may be due to the absence of an 
effective pollinating agent or a partner tree. It is possible that pollinating with a 
small paintbrush in 2006 may have contributed to the slight increase in fertility 
(Lowe 2003, 2004, 2006, 2007, personal communication). 


4.7 Adansonia za 


Baum (19952) noted that the main pollinators of A. za are the long-tongued hawk 
moths, especially Coelona solanii, which regularly visit the flowers throughout the 
night, at an hourly rate of up to 12 visits per flower. These moths are able to hover 
in front of the flower while feeding with their proboscides, 14.6-22.3 ст long. 
While the moth is hovering the body and wings make frequent contact with both 
the anthers and stigmas. Cross-pollination is likely since the moths spend only a 
limited time in an individual tree and probably move from tree to tree. 

Just after dusk and shortly before dawn two other hawk moths, Coelonia brevis 
(Plate 23) and Panogena jasminii, also visited the flowers. They have relatively 
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short, about 10cm long, proboscides and either approached the flowers from the 
side or alighted upon the petals, both actions being poorly suited to effective polli- 
nation because the stigmas were rarely contacted. 

Pale forked-marked lemurs (Phaner furcifer pallescens) were frequent visitors. 
A troop of five individuals visited the same tree on several nights, following each 
other through the canopy at approximately 1 min intervals. They fed mainly on nec- 
tar, licking the petal and calyx bases (Plate 24). Although generally non-destructive 
feeders, they sometimes chewed open the nectar chamber, apparently without visible 
damage to the gynoecium. Some lemurs were seen licking the anthers, which may 
have been the first ever observation of pollen feeding by lemurs. As with 
A. rubrostipa, most visits did not result in contact with the stigma, although on the 
few occasions when a lemur approached the flower from another branch, its front 
made contact with both anthers and stigma. In general these lemurs removed large 
quantities of nectar and pollen and deposited very small amounts of pollen on the 
stigmas. Grooming could reduce the quantity of pollen carried from tree to tree. 

Morning foraging for pollen by three species of bees also resulted in little or no 
pollination. Butterflies too would make morning visits, occasionally landing at the 
bases of flowers, apparently collecting nectar. Baum considered them to be minor 
nectar thieves, and it was unclear whether they had a neutral or negative effect on 
future survival of the baobab. 

Verreaux’s sifaka (Propithecus verreauxi verreauxi) occurs in forested regions 
from the Tsiribihini River in the west to just east of Tólafiaro. Sifakas feed destruc- 
tively on both the flowers and buds and do not contribute to pollination (Baum 
1995a). 


4.8 Adansonia gregorii 


The erect, scentless flowers (sweet-scented fide Baum 1995, Lowe 1998) of 
A. gregorii open after sunset; they could, therefore, appear adapted to bat pollina- 
tion. However, few nocturnal visits by bats have been observed, despite the report 
of a blossom bat (Macroglossus sp.) having been trapped in the vicinity of flower- 
ing boabs. This was probably the northern blossom bat (М. minimus pygmaeus) 
which occurs along the western Kimberley coast and Buccaneer Archipelago of 
Western Australia, in Arnhem Land in Northern Territory and the Cape York 
Peninsula in Queensland. A long-tongued bat (Glossophaga sp.) was also seen vis- 
iting flowers (Baum and Handasyde 1990; Baum 1995a). There is also circumstan- 
tial evidence to suggest that bats may occasionally visit the flowers; Pijl (1955) 
reported what he believed to be bat claw marks on the petals of A. gregorii growing 
in Java. Further observations over a wide range of sites are required before bats are 
dismissed as being only a minor pollinator. A number of non-flying mammals have 
been recorded as potential pollinators of flowers in south-western Australia by Wiens 
et al. (1979); the remote possibility that similar animals might pollinate the boab 
requires investigation. 
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Baum (1995a) did not observe visits by hawk moths until early January, by 
which time the boab had almost finished flowering. The only species then seen was 
Agrius convolvuli, which concentrated its visits into the first 30 min after anthesis, 
with a peak hourly rate of five visits per flower (Plate 25). The moths hovered for 
3—5 5 in front of the flowers before inserting their proboscides, about 9cm long, 
down through the filaments to the base of the flower, during which time the moths 
came into contact with both the anthers and stigmas. They were, therefore, effective 
pollinators. The lack of phenological synchronisation between boab flowering and 
the presence of hawk moths during the study period (1989/1890) may have been 
due to late hawk moth emergence in that particular year. The absence of any other 
effective pollinators, plus the evidence for self-incompatibility in A. gregorii, sug- 
gests hawk moths are the main pollinators. Other possible hawk moth candidates 
are Daphnis palcida, Gnatholibus erotus, Nephele subvaria and Psilogrmma mene- 
phron (Baum and Handasyde 1990; Baum 1995a). 

Honey-eaters (family Meliphagidae) in particular were frequent visitors in the 
early morning and also occasionally at other times of the day, with a visitation rate 
of up to 8 visits flower"! hour'. The more important species were the yellow- 
throated honey-eater (Manorinia flavigula), the little friarbirds (Philemon citreogu- 
laris) with their bald crowns and harsh chatter, and brown honey-eaters (Lichmera 
indistincta) with their beautiful voices. Others were the singing honey-eaters 
(Lichenostomus versicolor and L. virescens), grey-fronted honey-eaters (L. plumu- 
losus) and banded honey-eaters (Certhionyx pectoralis). Birds from other families 
included rainbow and red-collared lorikeets (Trichoglossus haematodus and 
T. rubritorquis), feeding deep within the flower with their brush-like tongues. All 
these birds are primarily nectar feeders and, during their foraging, perched on the 
calyx stalk and inserted their beaks into the base of the flowers. During the process 
very little if any pollen was transferred to the birds, which made no contact with the 
stigmas, although in less than 5% of cases birds visited flowers from an adjacent 
branch and may have made such contact. Often they cheated, stealing nectar from 
underneath by inserting their bills between the calyx and the outside of the petals 
without touching the stamens. Since the flowers are receptive in the early morning, 
it is possible that birds contribute to the pollination of boabs, but whether they sim- 
ply damage the flowers and/or deplete the nectar is debatable (Armstrong 1977c; 
Baum and Handasyde 1990; Baum 1995a; Lowe 1998). 

The introduced Western or European honeybee (Apis mellifera) may also be 
seen early in the morning visiting boab flowers, and may contribute to pollination. 
However, it is doubtful if visiting ants crawling down the floral tube to reach the 
nectar could be so altruistic as to go out of their way to collect and transfer pollen 
to the stigma (Lowe 1998). 

A beetle, Ceresium minor, is a regular nocturnal visitor, eating the pollen and 
possibly attempting to reach the nectar. The antennae receive a dusting of pollen but 
whether the beetle is a minor pollinator or a pollen thief remains uncertain (Lowe 
2004, personal communication). 
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5 Seed Dispersal and Germination 


Razanameharizaka et al. (2006) investigated the germination of African and 
Malagasy species of Adansonia. They found that seeds for all the species were 
orthodox, tolerating dehydration to about 5% moisture content. However, there 
were differences in their germination patterns that agreed with their taxonomic 
classification. The seed coats of A. grandidieri and A. suarezensis of section 
Brevitubae were permeable to water and germinated without any prior scarification, 
whereas the seed coats of sections Adansonia and Longitubae were impermeable. 
А. madagascariensis exhibited the greatest physical dormancy. Approximately two 
thirds of A. digitata and A. za seeds were water-impermeable, and for A. rubrostipa, 
A. madagascariensis and A. perrieri the proportion was >90%. There appeared to 
be no relationship between germination characteristics and the environment. The 
authors concluded that the results should be verified using different batches of 
seeds from each species. Germination is further discussed in Chapter 11. 


5.1 Adansonia digitata 


The fruits of A. digitata are ripe by the end of the dry season. Strangely, during a 
four-year study in the Zambezi valley, no mature pods developed on any of the 
baobabs although some trees had immature pods with rudimentary seeds. To pro- 
duce leaves and flowers the baobab had to draw on reserves stored from the previ- 
ous year and it was assumed that conditions were not good enough for trees to 
recover and produce pods (Swanepoel 1993а). 

A mature baobab produces more than 250 fruits, yielding at least 30kg of fruit 
pulp (Ibiyemi, et al. 1988). On falling, the woody shell of the heavy fruit often 
fractures, enabling termites to enter and eat the sweet pulp and by so doing free the 
seeds, at the same time introducing a trail of soil into the fruit which, at the onset 
of the rains, becomes moist and provides a suitable medium for germination 
(Chevalier 1906). The invasion of termites makes the fruit unpalatable to other ani- 
mals and allows the seeds to germinate in situ. However, young baobabs are very 
rarely found beneath the canopy of the parent tree; the seedlings fail to survive. 
During the 1953—1954 rainy season at the Marymount Mission, Zimbabwe Schutte 
(1954) observed ‘sheets of seedlings’ around baobabs, which were rapidly eaten by 
both animals and local inhabitants. Trimen (1893) also reported that seeds readily 
germinated in Sri Lanka and then cattle ate the seedlings. 

Humans and many animals act as dispersal agents for baobab seeds (See Chapter 
9). People eating the sweet pulp spit out the seeds and so disperse them by the 
wayside or in the shade of a tree. Seeds have been found in the dung of elephants 
(Loxodonta africana), baboons (Papio spp.) and chimpanzees (Pan troglodytes), 
and the digestive tract of eland (Tragelophus oryx). The presence of baobabs in 
unlikely or inaccessible places, such as the summit of a hill or the crest of a rocky 
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outcrop, may be explained as the result of baboons or monkeys transporting the 
fruit, or carrying seeds in their digestive tracts 

In the coral islands of the Quirimbas Archipelago of Mozambique baobabs are 
found on Sencar and Quilálea; they are regenerating on Sencar but not on Quilálea. 
Samango monkeys (Cercopithecus mitis labiatus) are present on the former but no 
longer on the latter and it is believed that the monkeys are responsible for germina- 
tion by eating the fruit and passing the seeds through their intestinal tracts 
(Anonymous 2004d). There could, of course be other factors preventing regenera- 
tion on Quilálea, such as herbivores eating all the seedlings. 

Passage through the digestive tract of baboons improves germination rates; this 
may be true for other animals but requires confirmation. The digestive system, in 
addition to removing any inhibiting factors, softens the testa and permits easier 
water uptake (Chevalier 1906; Adam 1962; Ridley 1930; Rick and Bowman 1961; 
Guy 1971; Owen 1974; McGrew et al. 2003). 

It is possible that fruits from riverine trees are water-dispersed. Recognisable 
drift seeds of Adansonia spp. have been washed up on the shores of South Africa 
(Muir 1937) as well as on Aldabra in the Indian Ocean; those from Aldabra were 
viable (Wickens 1982a). Such evidence for sea dispersal supports the hypothesis 
that the ancestor of A. gregorii arrived in north-western Australia by sea from 
Madagascar during the Tertiary. 

A baobab seed was found on the Florida shore, giving rise to much speculation 
as to the country of origin (Ebbesmeyer 2005). In my opinion the Fairfield Tropical 
Garden, Miami, or even the West Indies, was the probable source. The fact that a 
baobab seed was found with other drift seeds is in itself surprising since the per- 
centage of floaters among a batch of baobab seeds is low; such seeds are usually 
sterile (Gebauer 2005, personal communication). 

Numerous observers have commented on the absence of natural regeneration 
in Africa. Some may have failed to recognise baobab saplings, with their slender 
stems and simple leaves. The only saplings I have seen were on the hillsides of 
the Nuba Mountains, Sudan. It may well be that elsewhere the seedlings and sap- 
lings succumbed to fire and grazing. Many of the older trees in the northern Sahel 
grew up in an environment that was far wetter than in the 20th century. 
Regeneration was difficult enough during the early part of the last century and 
became impossible after the Great Drought of the late 1960s with the ensuing 
desertification. Many mature baobabs in the drier parts of the Sudan died during 
and following the Drought. Future climatic deterioration will doubtless take an 
even greater toll. 

Individual baobabs bear fruits that are consistent in their shape and size; eco- 
types from various regions of the Sudan were found to vary widely in fruit shape 
(Gebauer et al. 2002a, 2005), which in turn determined the number and weight of 
the seeds, globose fruits having more and heavier seeds than others (Table 18). 

Assogbadjo et al. (2005a) recognised four different fruit shapes in baobabs 
from Benin, ellipsoid, narrowly ellipsoid, narrowly ovoid and cylindrical-ellipsoid. 
The fruits were analysed according to their climatic zones (Table 19). However, 
despite the increase from Sudanian to Guinean climatic zones in individual fruit 
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Table 18 Variation in the fruits of Adansonia digitata in the Sudan. (A) average weight of fruit (g); 
(B) average fruit length (cm); (C) average fruit circumference (cm); (D), average percentage of pulp 
(g); (E) average number of seeds; (F) weight of 1,000 seeds (g). (From Gebauer et al. 2005.) 


Fruit shape A B C D E F 
Sharply ovoid 112 17 23 14 105 455 
Narrowly ellipsoid 73 17 18 19 59 455 
Cylindrical-ellipsoid 178 28 23 15 195 315 
Globose 346 15 41 21 307 540 


Table 19 Variation in the fruits of Adansonia digitata in Benin according to climatic zones. 
A, capsule weight (g); B, pulp (g); seed (g). (From Assogbadjo et al. 2005a.) 


Climatic zone A B C 

Sudanian 204 32 23 
Sudano-Guinean 273 51 28 
Guinean 275 54 37 


characteristics, Assogbadjo et al. (2005b) found that the yield per gram of fruit, 
pulp, seeds and kernel was highest in the Sudano-Guinean zone and lowest in the 
Guinean zone. The climatic zones do not correspond to the phytochoria of White 
(1983). 

Hines and Eckman (1993) believed that seeds only germinate in the wild in 
exceptionally good rainy seasons. This could be because the pulp acts as a germina- 
tion inhibitor (Esenowo (1991)) and there has to be sufficient rainfall not only for 
germination (and survival) but also to wash away inhibitors. 

Schizocotyly and polycotyly was found in 15 out of 182 (8%) seedlings at a 
nursery in Lucknow, India, and were attributed to a splitting of the cotyledons 
(Srivastava 1959). 

Following germination the base of the young seedling’s stem thickens and 
becomes carrot-shaped. The development of this storage organ helps ensure the 
young sapling’s survival during the following dry season. However, young saplings 
are not often found in natural vegetation; they tend to be more plentiful around 
habitation where cultivated lands provide an easier environment for seeds discarded 
by villagers to develop. Even so, many seedlings will die, smothered by the sur- 
rounding ground vegetation, overcome by the shade of the parent tree, destroyed by 
fire or cultivation, or killed by drought in their first dry season (Chevalier 1906). 

The first 10—12 leaves are simple while the leaflets of the following leaves are 
sometimes very irregularly serrated. By the end of the first year the taproot is 
woody and only slightly swollen. At two years of age the saplings will have 
attained a height of 1.5-2 m. During this period growth never stops entirely and 
the young trees always carry some leaves (Perrier de la Báthie 1953). Accounts 
vary as to the number of simple leaves before the transition to compound leaves 
but A. digitata and A. madagascariensis retain the simple leaf for much longer 
than the other species (Baum 1995b). 
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5.2 Adansonia grandidieri 


The fruits of A. grandidieri are ripe in November and December. Despite 
intensive ecological and behavioural studies of mammals, and lemurs in 
particular, there is no evidence of animals dispersing seeds for any of the 
Adansonia species in Madagascar today. Intact seeds up to 20 x 15 mm of other 
species have been found in faecal samples of the brown lemur (Eulemur fulvus) 
in the dry deciduous forests of the Morondava area, but no baobab seeds. It is 
doubtful if lemurs could crack open the baobab fruit, but they could eat fruit 
that had broken open on falling. The bush pig (Potamochoerus larvatus) 
certainly eats baobab fruit but is believed to destroy any seeds that it eats; 
however, in central Africa it is known to disperse a few seeds. It may do so in 
Madagascar too, but no detailed studies have been made (Perrier de la Bâthie 
1924; Ganzhorn et al. 1999). 

Many animals have become extinct since humans first colonised Madagascar 
approximately 1,500-2,000 years ago, some of which may have been capable of 
dispersing baobab seeds. The most likely candidates are two species of the subfossil 
genus Archaeolemur, which were abundant throughout much of Madagascar and 
only became extinct around 1,000 years ago. These sloth lemurs are believed to 
have been similar in size, habit and locomotion to baboons (Papio spp.). They were 
primarily frugivorous, or dietarily generalised; their enlarged incisors show that 
they were capable of consuming large food items, including hard-skinned fruits and 
nuts (Baum 1995b; Jernvall et al. 2003). 

Other possible extinct genera are among the seven species of elephant birds 
(Aepyornis spp.) that evolved in Madagascar during the Pleistocene. They were 
enormous flightless birds or ratites, of which A. maximus had a projected height 
of about 3 m and weighed nearly 450 kg; it was the largest known bird that ever 
lived. It has been identified with the legendary roc of Sinbad the Sailor and the 
gryphon or rukh of Marco Polo, but Hawkins and Goodman (2002) argue that 
the illustrations of Marco Polo suggest a bird of prey, such as the subfossil 
crowned eagle (Stephanoaetus mahery). Until as recently as the 17th century 
elephant birds dwelt mainly in southern and western Madagascar. They were 
grazers and browsers, with very powerful beaks that enabled them to dig up 
tubers and open large fruit. It is possible that they were dispersers of baobab 
seed taken from broken fallen fruit; however, it is unlikely that they could have 
cracked open the fruits themselves, despite the fragile pericarp (Mahé 1972; 
Baum 1995b; Feduccia 1996; Prys-Jones 2002, personal communication). These 
subfossil genera disappeared following the arrival of humans (MacPhee et al. 
1985). Their presence support the hypothesis of a broken vegetation cover 
discussed in Chapter 14. 

Baum (1995b) considered water dispersal for A. grandidieri was unlikely 
because the fruits have rather fragile pericarps, despite his description of the habitat 
as: ‘Dry deciduous forests, especially close to seasonal rivers, lakes, and 
waterholes.’ 
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Observations by Du Puy (1996a) and Pat Lowe that the fruits of A. madagas- 
cariensis and A. gregorii respectively, both of which have brittle pericarps, are 
buoyant (see below) suggests that fragile pericarps offer no obstacle to water 
dispersal. 

The hypocotyl is very short, unlike that found in sections Adansonia and 
Longitubae, and the cotyledons remain at soil level, usually encased in the remains 
of the testa (cryptocotylar); the hypocotyl does not extend until the shoot apex is 
more than 5cm above soil level. This behaviour is similar to ‘chasmocleistocotyly’ 
described in the genus Pachira by Robyns (1962) and is unknown elsewhere among 
the Bombacoideae (Baum 1995b). The first 4—5 leaves are simple and the following 
increasingly palmate. 


5.3 Adansonia suarezensis 


The fruit of A. suarezensis are ripe in November. Again, water dispersal is consid- 
ered unlikely because of the fruit's rather fragile pericarp (Baum 1995b). 

The germination is also cryptocotylar but sometimes with an unusual resting 
stage; the swollen radicle projects 4—5 cm above soil level while the cotyledons and 
epicotyl remain at ground level (Baum 1995b). 


5.4 Adansonia rubrostipa 


The fruit of A. rubrostipa are ripe in October and November. Water dispersal is 
considered unlikely because these trees are rarely seen growing near rivers and 
streams (Baum 1995b). 

Germination is phanerocotylar, the cotyledons breaking free of the testa and 
being carried above ground level by the hypocotyl. Soon after germination the 
seedlings form a swollen taproot, approximately 7cm long and 4cm in diameter 
(Du Puy 1996b; Baum 1995b). 


5.5 Adansonia perrieri 


The fruit of A. perrieri are ripe in October and November. In the Montagne 
d'Ambre Baum (1995b) reported seeing fruit floating in the Riviére de Makis as 
far as half a kilometre downstream from the nearest tree. Du Puy (1996b) also 
reports the association of this species with water and raises the possibility of 
water dispersal. 

Germination is phanerocotylar (Baum 1995b). 
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5.6 Adansonia madagascariensis 


The fruit of A. madagascariensis is ripening by November. It has a tough and inde- 
hiscent pericarp which no extant mammal is capable of breaking open. The species 
often grows bordering watercourses and, near Antsiranana, within metres of the 
sea, so that water dispersal is considered probable (Baum 1995b). Du Puy (1996b) 
reported entire fruits containing viable seeds floating in the sea off the coast of 
northern Madagascar. 

Germination is phanerocotylar (Baum, 1995b). Observations by Perrier de la 
Bathie (1953) from the Monrovia field trial were the same as for A. grandidieri. 


5.7 Adansonia za 


The fruit of A. za are ripe by the end of the dry season, in October. The dispersal 
observations of Baum (1995b) for A. madagascariensis are similar for A. za. Du 
Puy (1996b) noticed old fruit bodies stranded on the flood banks of the Kirindy 
River, also evidence of fruit movement during sheet floods. 

Germination is phanerocotylar (Baum 1995b). The observations of Perrier de la 
Bathie (1953) from the Monrovia field trial were the same as for A. grandidieri, 
although he noted that only the first leaf of the seedlings referred to as A. alba (a 
synonym of A. za) was simple, the second having one or two leaflets. 

Moreau (1913) examined the tubers of A. za seedlings and found that they were 
formed from the hypercotyl (Fig. 22). After 3-4 months the seedling’s tuberous 
taproot contained abundant starch granules. Note the root hairs on the lower part of 
the tuber and root after 4 months. 


5.8 Adansonia gregorii 


Ripe fruits of A. gregorii, colloquially known as ‘nuts’, are present from May to 
December. They have a brittle shell, 3-4mm thick, with a tendency to crack while 
still on the tree. The initial cracks, often but not always single, tend to run more or 
less longitudinally down the shell, but not in precise straight lines, and not usually 
the full length. They seem to follow slight ridges. Cracks often appear also in a 
more random transverse orientation, probably later, as the pod desiccates further. 
Some pods may eventually crack to such an extent that the lower part of the shell 
drops off and all the pith falls out, leaving the upper part of the shell attached to the 
tree. This characteristic is believed to have evolved in Australia following the 
boab’s arrival by sea, possibly as an aid to seed dispersal by marsupials, since there 
were no powerful mammals, such as baboons or lemurs, capable of breaking open 
the fruit (Baum 1995b; Lowe 2005, personal communication). As in Madagascar, 
the extinct Australian megafauna were possible early seed dispersers. 
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Fig. 22 Seedling development of Adansonia za: (1) after 8 days; (2) after 3 months; (3) after 4 
months; c — cotyledon; es — cotyledon scar; e – epicotyl; h — hypocotyl; r — root; t — tuber. (After 
Moreau 1913.) 


Of the 24 genera of Australian land animals weighing more than 45kg, 23 were 
extinct by the late Quaternary, 46,000 years ago. Twenty-two of these genera were 
giant reptiles or marsupials, including Macropus spp. and Wallabia sp. (Roberts et 
al. 2001), among whose living contemporaries are the red kangaroo (M. rufus), 
mainly in central Australia (absent from the Kimberley since the introduction of 
sheep, but still present in Arnhem Land), and the agile wallaby (Macropus agilis) 
from the Kimberley eastwards to the east coast of Queensland. Other possible can- 
didates are the mihirungs, members of the Dromornithidae, so called from their 
aboriginal name meaning giant emus. They were flightless herbivores, and some 
survived until 26,000 years ago (Feduccia 1996). 

The fragile pericarp does not appear to reduce the possibility of water dispersal. 
Pat Lowe placed one cracked boab fruit and a number of seeds, still embedded in 
pith, in a bucket of water; both fruit and seeds were very buoyant. After 5 days the 
crack had disappeared, closed by swelling of the woody shell; the seeds were either 
still floating in their blackened and waterlogged pith or had escaped from the pith 
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and were floating alongside; the latter were probably no longer viable. Four days 
later, the now evil-smelling pith was easily removed from the seeds, some of which 
had started to germinate. Local water dispersal is clearly not a serious problem. 

The boab trees occupy a range of habitats. They commonly follow creek beds 
and rocky gorges, where the fruits and seeds may be dispersed by floodwater during 
the wet season. 

Boabs also favour open woodland or grassland, where they may stand in noble 
solitude or clustered in groves. The survival rate in the Kimberley must be good 
since Brock (1993) shows several generations of young boabs growing beneath the 
canopy of the parent tree. The seeds have obviously germinated in situ and escaped 
the attention of human and animal predators. Such clustering of generations would 
appear to be a fairly recent phenomenon since there are no early records of colonies 
of mature trees within the canopy of the mother tree. Brown (1985) noted a some- 
time simultaneous germination of seeds under a boab in Broome. 

In gorge country boabs are sometimes found in the most unlikely places, perched 
high on rocky ledges, so that is hard at first to understand how they could have got 
there. The question was solved when viable boab seeds were found in the scats of 
the common wallaby or euro (Macropus robustus) and rock wallaby (Petrogale sp.), 
possibly the short-eared rock wallaby (P. brachyotis), which is common throughout 
the Kimberley region. These animals are capable of climbing to what appear to be 
inaccessible places, where they excrete the seeds enveloped within a wad of undi- 
gested spinifex remains. Seeds collected from scats readily germinate at the onset 
of the rainy season (Done 1987). Whether the undigested fibrous matrix aids 
germination by absorbing water has not been investigated. 

Unpublished data by Baum and Handasyde confirmed that marsupials eat fallen 
fruits, and that a large number of seeds pass intact through the digestive tract with- 
out germination being significantly affected. Baum considered bats were an 
unlikely vector despite Froggatt’s (1934a) assertion that nocturnal bates ate the 
pods (Baum 1995b). 

Humans must also have contributed to the dispersal of boab trees long before 
modern times. The fruit are convenient portable containers, full of food, and people 
probably carried them considerable distances as nourishment for a journey, or back 
to the family camp. Though grinding and heating seeds for food would have 
destroyed them, preventing germination, not all were treated in this way. People 
often ate, and still eat, the raw white pith, spitting out the seeds on the ground. 
Some of these ejected seeds would have eventually germinated and become estab- 
lished. This sequence of events may account for the presence of boab trees growing 
on shell middens here and there along the coast between Cape Leveque, Western 
Australia and Pearce Point, Northern Territory (Willing 2002, personal communica- 
tion). Conversely, it is also possible that some of the middens arose because generations 
of people sat under the shade of a boab while they ate their shellfish. 

Germination is phanerocotylar (Baum, 1995b). The range of germination prob- 
lems associated with seed viability and dormancy due to germination inhibitors found 
in A. digitata are also present in A. gregorii. According to Boland et al. (1985), very 
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fresh seed is difficult to germinate but older seed germinates reasonably well. This 
may account for the extremely poor results obtained by Baum (1995b), with only 2% 
germination from wallaby scats and 5% from seed taken directly from fruit. 

Pat Lowe’s rather crude experiment was probably closer to nature than a labora- 
tory trial. One fruit floating in a bucket of water produced 153 seeds, of which 
approximately 60% germinated before the experiment was discontinued. From 
these, 12 seedlings were raised in pots. One had thin and feeble cotyledons and 
soon died. Another was unable to open its cotyledons because of a lump of dried 
mud sticking to them. A third was doing well, but lost a cotyledon when rain from 
the roof must have damaged it; it survived a few days and then died. Of the remain- 
der, the first leaf produced by one of the seedlings was simple and unlobed, the 
second simple but strongly lobed and serrated. The third leaf was compound, with 
three leaflets. The remaining seedlings produced two simple, unlobed leaves fol- 
lowed by 3-lobed leaves. Boland et al. (1985) described the cotyledons petiolate 
and broadly ovate. The first pair of seedling leaves are alternate, petiolate and lan- 
ceolate, the subsequent pairs petiolate and digitate, with up to six leaflets, some of 
which were lobed. 


6 Anatomy 


6.1 Bark Anatomy 


The trunk bark of A. digitata is 6—8 cm thick, with clearly defined tangential bands 
of phloem fibres. Phloem rays dilate and parenchyma bands separating fibre groups 
proliferate. The size and proportion of the phloem rays is small in A. grandidieri 
and large in A. rubrostipa and A. za, so that the net-like gaps are small in A. gran- 
didieri and comparatively large in A. rubrostipa and A. za. 

The greater part of the bark is parenchymatous, interspersed with displaced 
phloem fibres and numerous anastomosing vascular bundles, with cambial-like 
regions producing radially aligned xylem and phloem similar to those in the *trau- 
matic canals’ of the xylem. Zones of cell division form undulating files of cells. The 
surface produces a phelloderm and a 4-6 layered phloem of thin-walled cells. 
Below the periderm is a layer of chlorenchymatous parenchyma, 10—12 cells deep, 
bounded by a zone with clusters of sclereids, each matching in size and shape the 
surrounding parenchyma (Fisher 1981; Kondo 1997; Wiedenhoeft 2005, personal 
communication). 

The tangential bands of phloem create sheets of flexible, fibrous material, which 
can easily be peeled off; it is used by the local people for thatching roofs and 
stretching over walls. In areas where the phloem fibres are penetrated by phloem 
rays, larger gaps form as the bark dries and contracts, resulting in a sheet of fibrous 
material with a net-like formation (Kondo 1997; Wiedenhoeft, 2005 personal 
communication). 
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There is a thin chlorenchymatous layer immediately beneath the inner bark; the 
thin layer of cork transmits light, which gives the shoots a whitish or brownish 
appearance (Rauh 1986; Baum 1995b). 


6.2 Wood Anatomy 


Secondary xylem is diffusely porous with abundant parenchyma, both vasicentric 
and banded. Tyloses are common throughout. Vessels are large, maximum diameter 
0.105 mm; perforations simple, intervascular pitting alternate, large; pits in paren- 
chyma often multiples of the intervascular pits or unilaterally compound; members 
of medium length to moderately short. Parenchyma is abundant, sometimes form- 
ing the ground tissue of the wood; typically in numerous, fine, metatracheal lines 
and in narrow sheaths around the vessels (vasicentric); typically of 4 cells and sto- 
ried. Xylem parenchyma cells are usually thin-walled, unlignified and contain little 
starch or lipids. Consequently long-lived and metabolically active xylem is not 
unexpected. The wood possesses a high degree of latent morphogenetic potential. 
Internal splits (heart shakes), presumably caused by growth stresses, are filled with 
proliferated xylem parenchyma. Rays are heterogeneous, wide, uniseriate and mul- 
tiseriate with short uniseriate tails, composed of upright and procumbent cells; 
average length of parenchyma strands, each of which is composed of up to 4 cells, 
is 490 jum; starch is mainly confined to the ray cells. Fibres septate and scanty, often 
narrow and in uniseriate rows occupying less space than the parenchyma. Secondary 
phloem commonly storied, average length of elements 420 um, sieve tubes less than 
300um long, with slightly oblique to transverse, poorly developed, simple sieve 
plates on side walls, diameter slightly less than the parenchyma cells; companion 
cells as long as the sieve tubes and seemingly cut off from the corner of the sieve 
tube. The terminal parenchyma form concentric rings over a wide area. The rings 
are probably annual, and vary in both width and density; the parenchyma cells near 
fibres are sometimes lignified. Intercellular canals or ducts (of the vertical trau- 
matic type) occur irregularly throughout the xylem and are usually surrounded by 
a zone of thin-walled, epithelium-like cells radiating from a central cavity. In trans- 
verse section the canal region occasionally forms an arc of internal cambium that 
produces new sieve tube elements at opposite sides of the cambial arc. These 
intraxylary vascular strands can occur on either side of the canal cavity relative to 
the axis. The xylem of the strand is likewise orientated either towards or away 
from the canal. Such ‘traumatic canals’ occur in the bands of terminal parenchyma, 
in the rays, or between vessels and fibres. The pattern of these anastomoses is not 
related to old leaf or bud traces (Bargagoli-Petrucci 1904; Solereder 1908; Metcalfe 
and Chalk 1950; Fisher 1981; Outer 1986; Neumann et al. 1998). 

Rajput (2004) observed structural changes deep in the wood associated with the 
aging of axial and ray parenchyma cells. This aging was associated with the forma- 
tion of wide bands of traumatic parenchyma. Some of the parenchyma formed 
meristomatic centres and differentiated into vascular bundles. 
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6.2.1 Axis – Young Stem 


Cork superficial in origin. Cortex with stone cells; other scattered cells in the cortex, 
readily stained with haematoxylin, and presumably tanniniferous. Pericycle rather 
indefinitely marked by strands of fibres, mostly situated in the outer periphery of the 
phloem groups, but extending laterally in some instances. Phloem strands, and por- 
tions of the primary medullary rays between them, appear triangular in transverse 
sections. Phloem usually stratified into fibrous and non-fibrous tangential zones. 
Xylem tending to be in the form of a closed cylinder; usually somewhat interrupted 
by rather broad and often lignified primary medullary rays. Vessels with transitions 
to bordered pits. Pith very broad, consisting of thin-walled spongy tissue. Clusters 
of crystals usually abundant in the parenchymatous tissues; solitary crystals also 
occur but rather less frequently. Abundant mucilage cells and cavities present in the 
parenchy-matous tissue of the cortex and pith of Adansonia. 


6.2.2 Axis - Wood 


Vessels average 1.2 т>; large, 100—500 um long, 200-300 um tangential diameter, 
mostly solitary, with a few multiples of two or three cells, with a tendency to the for- 
mation locally of longer multiples, irregular clusters and tangential groups; mostly 
0.5-5 mm”. Perforations simple; intravascular pitting alternate, large; pits to ray and 
wood parenchyma often large, simple and unilaterally compound. Small amounts of 
gummy deposits present. Mean member length is 0.3—0.8 mm. Parenchyma abundant, 
often unlignified, sometimes forming the ground tissue, predominantly apotracheal, 
but vasicentric also present; in closely spaced (6 or more mm’), regular, unseriate 
(occasionally biseriate) bands, separated by 1—3 fibres; bands extend tangentially for 
0.5-1 mm in A. rubrostipa. Druses of calcium oxalate with the appearance of echinate 
spheres present. Strands in the apotracheal parenchyma, usually of 4 cells; strands of 
the vasicentric parenchyma usually containing more cells than those of the apotra- 
cheal. Typically stored. Cells in cross section irregular in shape, commonly much 
wider than the fibres. Rays typically 4—8(—10)-seriate, 200-350um wide, 1,800- 
3,250um high; less than 10% by volume of rays composed of uniseriate rays. Rays 
heterocellular, predominantly composed of square and upright cells; procumbent 
cells infrequent; crystals in the form of druces present; dark gum-like contents com- 
mon. Fibres sparse, 0.7—2.0mm long, thin to thick walled, septate, with simple or 
indistinctly bordered pits equally numerous in both radial and tangential walls; fibres 
in narrow, often uniseriate lines or small groups and occupying less space than the 
parenchyma; commonly storied (Solereder 1908; Metcalfe and Chalk 1950; Kondo 
1997; Wiedenhoeft 2005, personal communication). 

In addition to the usual tunica-corpus meristem found throughout the 
Angiosperms, the apex was characterised by a prominent central zone of metra- 
meristem surrounded by a flanking zone and underlain with maturing pith or a pith 
rib meristem. The metra-meristematic centre from one or two layers of tunica 
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wood ————————» 


Fig. 23 Transverse segment of Adansonia gregorii: d — druce cells; f — sclerenchyma; mc — 
mucilage cavity; mr – medullary ray; p – parenchyma, ph – phelloderm; pf — bast fibres; fs — fibrous 
sheath of fascicles; t — tannin cells; v — vessel; wp — wood parenchyma. (After Gerber 1895.) 


consisted of relatively large, highly vacuolate cells, often possessing prominently 
staining intercellular substance (Johnson 1961). 

An examination of the annual rings of A. za at Kirindy showed alternating bands 
of xylem and parenchyma tissues that were not continuous around the trunk; they 
often split apart and anastomose with each other. 

During drying, the wood frequently splits along the bands of axial parenchyma, 
resulting in a loose assembly of thin strips of wood. This, in combination with low 
density, results in a wood that is of little utility but, when dried, produces readily 
combustible firewood, presumably because of the easy access of oxygen to the 
wood structure via the numerous cracks (Kondo 1997; Wiedenhoeft 2005, personal 
communication). 

The anatomy of the cross segment of a 1-year-old branchlet, 1 cm in diameter, 
of A. gregorii is shown in Fig. 23. 


6.2.3 Wound Healing 


Two photographs in Adam (1962, Figs. 9, 10) illustrate the callused stump from a 
sawn-off baobab producing both a new central shoot and other shoots around the 
periphery (Fig. 18). 

Fisher (1981, Figs. 1—4) shows similar behaviour in a cultivated baobab growing 
in Homestead, Florida, that had been blown over during a hurricane in 1965. The 
damaged branches and roots were trimmed. Samples from the cut surfaces of the 
branches were taken after 8 and 56 days, and of the cut root after 56 days. By 1980 
the entire cut surface was healed by concentric rings of periderm arising directly 
from the exposed surface. 

The healing of cut surfaces of tropical and temperate dicotyledonous trees 
and conifers normally follows a similar pattern. The exposed living wood cells 
die, bladder-like ingrowths (styluses) protrude into the tracheary elements and 
eventually cause blockage, while phenolics (resins, tannins, gums, etc.) accu- 
mulate far beneath the surface. The ring of exposed cambium and bark prolifer- 
ate initially as a callus, which later produces a new vascular cambium 
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continuous with the existing cambium. The exposed surface is slowly covered 
by the centripetal growth of the cambium, which, in turn, produces new wood 
and bark and thus seals the site of the wound. While branches of Adansonia, 
Bombax and Pseudobombax that had died and rotted back to the trunk exhibited 
the typical wound healing described above, cleanly severed trunks and branches 
of A. digitata showed a very different and possibly unique response. The fol- 
lowing account refers to A. digitata in Florida. 

When first cut the entire surface of secondary xylem and pith of the cut branch 
responded by producing wound tissue. Eight days after cutting the surface 1-3cm 
layer of xylem cells had died, with fungal hyphae present within all the lignified 
cells to a depth of 0.5—3+ cm. The xylem parenchyma underlying the wound tissue, 
about 3-5mm below the exposed surface, divided and deposited tannin-like 
compounds; there were no fungal hyphae. After 56 days the exposed cambial zone, 
xylem and pith parenchyma, especially the wide zones of terminal parenchyma, 
proliferated further. 

Transversely cut roots showed more regeneration than the stems; all the unligni- 
fied parenchyma of the xylem, phloem and bark had proliferated. A new cambium 
regenerated across the xylem surface of the proliferation of root xylem (-callus). 
The more rapid response of the roots was possibly due to higher levels of growth 
regulators or nutrients. 

Large branches that were around 16—21 years old at the time of cutting contin- 
ued to produce an uninterrupted surface zone of wood parenchyma, similar in 
structure to normal bark, derived from pith, ray and axial parenchyma. 

Fifteen years later all the dead tissue had rotted away and a thin surface 
periderm covered the wound tissue although a wound cambium had not 
formed. The cut surface had concentric rings of smooth periderm with root- 
like knobs of tissue in the region of the cut bark and occasionally on the peri- 
derm ridges over the xylem. New branches had grown from the upper side of 
the fallen trunk 

Fisher (2002, personal communication) noted new shoots at the cut end of 
large trunks and branches; these always developed from the region of the vas- 
cular cambium. These were assumed to have arisen from pre-formed axillary 
buds deeply imbedded in the bark at the time the trunk was cut, although they 
could also have arisen as newly formed buds in the callus derived from the cut 
cambium and not related to nodes and leaf axils. The shoots arising from inside 
the xylem region or from the pith of the baobab trunk illustrated by Adam 
(1962) would have been from an adventitious bud arising from the callus of the 
pith or xylem parenchyma. 

The baobabs are also unusual in being able to withstand ring-barking, a process 
that would kill most other trees. After removal of or damage to the bark the baobab 
has the unusual ability of regenerating from the parenchyma underneath the surface 
of the exposed xylem (Fisher 1981). Romero et al. (2001) noted that it would take 
6 years for the bark to regain its original thickness. They also reported a baobab 
with severe elephant damage whose bark had regrown from a depth of 1 m inside 
the trunk. 
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6.3 Leaf Anatomy 


Leaves digitate (simple in young saplings), leaflets obovate to narrowly oblanceolate, 
dorsiventral. Hairs sometimes absent, but peltate kinds very characteristic; depressed 
glandular hairs also present fide Solereder (1908), consisting of a basal cell, a disc- 
shaped stalk-cell, and a tier of elongated cells arranged in the form of a fan, which, 
seen from above, give the appearance of ordinary many-celled glandular hairs. Extra- 
floral nectaries similar to but differing somewhat in structure from those of the 
Malvoideae, situated on the lower side of the midrib and on the dorsal surface of the 
petiole. Epidermis is layered. Stomata are confined to the lower surface, although 
according to Rao and Ramayya (1981) they occur on both surfaces (amphistomatic). 
Mesophyll with sclerenchymatous tissue. Mucilage cells abundant in the epidermis 
and sometimes extending into the mesophyll, surrounded by radiating epidermal cells, 
especially on the upper surface. Venation with primary vein stout, venation pattern 
camptodromous and festooned brochidodromous (secondary veins not terminating at 
the margin, joined together in a series of prominent arches). Tracheids are common at 
the free vein endings. Calcium oxalate crystals are present in the intercostal epidermal 
and costal cells of the adaxial epidermis (Solereder 1908; Metcalfe and Chalk 1950; 
Hickey 1973; Rao and Ramayya 1984; Bhat 1994, 1996; Jabeen et al. 1995). 

Stomata are present on all the vegetative and floral organs, although they form no 
definite distribution pattern and arrangement on any of the organs (Inamdar and Chohan 
1969). According to Rao and Ramayya (1981) their distribution is amphistomatic on 
the leaves and hypostomatic for the subulate stipules. Fenner (1980) agrees with 
Metcalfe and Chalk (1950) that stomata are confined to the lower surface of leaves. 

The mature stomatal apparatus consists of a median lenticular pore surrounded by a 
pair of kidney-shaped guard cells containing chloroplasts; chloroplasts however, are 
absent in the guard cells of the petals, anthers, staminal tube, styles and carpels. Inamdar 
and Chohan (1969) recognised three types of mature stomata on the abaxial surface 
(Fig. 24) and Rao and Ramayya (1983) four on the adaxial surface; terminology follows 
Dilcher (1974). Stomata with the cells adjacent to the guard cells not differentiated from 
the normal epidermal cells (anomocytic); two cells adjacent to the guard cells with their 
long axis parallel to that of the guard cells (paracytic); with three subsidiary cells 
enclosing the guard cells (anisocytic); and with four cells adjacent to and enclosing the 
guard cells (tetracytic). Rao and Ramayya (1983) noted anomocytic stomata were 
dominant on the abaxial surface, with anisocytic and tetracytic stomata also present but 
no paracytic stomata although all four were present on the adaxial surface. 


6.4 Floral Anatomy 


The peduncle and pedicel are more or less distinct, the peduncle woody at the base, 
polystelic; both have five central vascular strands, each strand with a central lacunose 
medulla surrounded by fibrous material (Walpers 1852; Dumont 1889; Gerber 1895). 
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Fig. 24 The abaxial surface of 
Adansonia digitata leaf with 
anomocytic, paracytic anisocytic 
stomata. (From Inamdar and Chohan 
1969, Fig. 3G). 


Fig. 25 Pollen grain of Adansonia digitata. (Photographs by Dr. Madeline Harley.) 


The floral anatomy of A. digitata, A. madagascariensis (?A. za — see Chapter 12) 
and A. gregorii were examined by Gerber (1895); leaf and floral organs of only the 
latter species were illustrated. 


6.4.1 Anthers and Pollen 


The flowers are protandrous, with numerous stamens, the filaments fused at the 
base to form a short staminal tube; each filament bears a reniform monothecous 
anther. The anther wall has 5—6 layers. The sub-epidermal layer develops into a 
fibrous endothecium, and the innermost layer into a secretary tapetum. Formation 
of the tetrahedral pollen tetrads is completed by the time the megaspore mother cell 
is demarcated; cytokinesis is by furrowing (Rao 1954; Heel 1966). 

The pollen grains of A. digitata (Fig. 25) from Ethiopia and Tanzania are 3-porate, 
suboblate to prolate spherical, polar axis (53—)58(—8 1) um, equatorial axis (61—)68(—88) 
um. The amb is rounded to rounded-triangular. The pores rounded to oval, 3-8 um in 
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diameter, the pore margin slightly protruding, with a nexinous margin 2—3 um wide, 
or indistinctly delimited. Exine 2-4 um thick; sexine thicker than the nexine, or equally 
thick at the aperture margin, rarely slightly thinner, surface micro-reticulate to tectate- 
perforate with processes of different shapes and heights, about 0.5—3.5 jum. The nexine 
markedly thickened at the aperture margin. Orbicules spinuliferous, the basal part may 
be branched and the spine tips blunt (Nilsson and Robyns 1986). 

From India, Vaishampayan and Sharma (1981) reported that the pollen grains of 
A. digitata are 3—4 porate and that their average size is 80.5 x 87.5 um (65-80 
x 75-105 um fide Sharma, 1970), with spinules 3 um long. They suggested that the 
spinulate exine indicated that Adansonia should be placed among the spinulate 
Malvaceae rather than in the Bombacaceae. Nilsson and Robyns (1986) suggested 
that the similarities between the ‘Rhodognaphalopsis-type’ pollen grains of 
Adansonia and the New World genera Pachira, syn. Rhodognaphalopsis, and 
Scleronema may be due to convergent or parallel evolution rather than of any taxo- 
nomic significance. 


6.4.2 Gynoecium 


The gynoecium is syncarpous, multilocular below, becoming unilocular above 
where the fertile portions of the 5—10(—15) carpels fail to meet in the centre; the 
lower multilocular portion is sterile, as is also a small, multi-locular portion 
above the fertile portion. Ovary superior. See Heel (1974) for a detailed description 
of the development of the pistil. 


6.4.3 Ovules 


Ovules anatrotropus, bitegmic, crassinucellate; micropyle formed by the exostome, 
out of line with the endostome; hypostase more or less developed. 

Ovules borne on long, dichotomising funicles arising in the fertile portion 
from the edges of the deeply intruded placentae, each branch carrying a single 
ovule. The ovule trusses are inserted in two single rows along the thickened 
margins of the placentae, facing the ovary wall. The funiculi of the lowermost 
trusses diverge downwards into the sterile multilocular base, and the uppermost 
ovules diverge upwards into the sterile upper part (Saunders 1937; Rao 1954; 
Heel 1974; Baum 1995b). 


6.5 Fruit Anatomy 


Bleechmore (2002) examined the 3-4 mm thick, brittle pericarp of A. gregorii 
using scanning electron microscopy to reveal radially orientated and densely 
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packed, elongated, thick-walled cells of the exocarp, more loosely packed 
and randomly orientated, smaller, thin-walled parenchyma cells of the meso- 
carp, and a narrow layer of densely packed, sclerenchymatous endocarp cells 
orientated at right angles to the exocarp and mesocarp. The pericarp is unusual 
for Adansonia in cracking while the fruit is still attached to the tree. The 
differential drying of the exocarp, mesocarp and endocarp during ripening is 
probably the cause. 

The fruit pulp consists of a mass of parenchymatous cells formed from the endo- 
carp and septa, with the funiculus of the fertilised ovules also contributing to the 
pulpous tissue. (Heel 1974; Corner 1975). 


6.5.1 Seeds 


Seeds reniform. Testa (outer integument) 6-8 cells thick, thin-walled; epidermal 
hairs septate, 2—5 celled, formed by transverse division. Tegmen (inner integument) 
6-10 cells thick, the palisade of lignified Malpighian cells 1 mm high. The 
chalazia is massive and unspecialised. Endosperm is nuclear, oily. The embryo is 
large and straight; cotyledons folded, foliaceous (Rao 1952; Heel 1974; Corner 
1976; Werker 1997). 


7 Cytology 


The published chromosome counts for the genus Adansonia prior to the study by 
Baum and Oginuma (1948) had erroneously suggested the genus was cytologi- 
cally hypervariable, and had been interpreted as indicating a polyploid series 
based on x = 12 and x = 8 (Miége 1974; Morawetz 1986). Furthermore, the 
highest counts were all in section Adansonia, suggesting that A. digitata was a 
higher polyploid than members of the other two sections. Wickens (1982a) noted 
that highest numbers were found in West Africa and wondered whether the 
interrupted distribution between West Africa and the remainder of the continent 
would prove to be cytologically significant. However, later counts made by 
Baum and Oginuma (1996) on seeds from Senegal, Burkina Faso and East Africa 
were all 2n = 160. 

The chromosomes of Adansonia (and other Bombacoideae members) are 
characteristically small and numerous, with persistent heterochromatic material 
present in the interphase nuclei. Consequently Baum and Oginuma (1996) 
suggested that differing counts within a single species of Adansonia (Table 20) 
could imply that the published chromosome numbers were unreliable, thereby 
rendering any speculation on polyploidy premature. They found 2л = 88 for all 
species except A. digitata, the latter with 2n = 160 was interpreted as an autotetra- 
ploid that had undergone aneuploid reduction from 4x = 176. Apart from the 
distinctiveness of A. digitata, the authors found no indication of any infrageneric 
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Table 20 Chromosome numbers of Adansonia species. 
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Species 2n References 
A. digitata About 96 (South Africa) Riley (1960) 
128 (South Africa) Schróder (1980, personal 
communication) 


144 (West Africa) Міёре (1960, 1974); Miége 


and Burdet (1968); Baker 


and Baker (1968) 
160 (West Africa, East Africa) Baum and Oginuma (1994) 
A. grandidieri 60-64 Міёре (1974) 
88 Mangenot and Mangenot 
(1952); Baker and Baker 
(1968); Baum and 
Oginuma (1994) 
A. suarezensis 48-72 Міёре (1974) 
88 Baum and Oginuma (1994) 
A. rubrostipa 72 Miége (1974) 
88 Baker and Baker (1968); 
Baum and Oginuma (1994) 
A. perrieri 88 Baum and Oginuma (1994) 
96 Miége (1974) 
A. madagascariensis 80-84 Міёре (1974) 
88 Baum and Oginuma (1994) 
A. za 48 Miége (1974) 
88 Baum and Oginuma (1994) 
A. gregorii 72 Baker and Baker (1968) 
88 Baum and Oginuma (1994) 
96 Міёре (1974) 


relationships within Adansonia. The early suggestions by Miége (1974) and 
Morawetz (1986) of other polyploid series as well as A. digitata were therefore 
rejected. 

Assogbadjo et al. (2006) used amplified fragment length polymorphism (AFLP) 
analysis and an assessment of some morphometric characters to examine the 
morphological variability between populations of the three climatic zones (Sudanian, 
Sudano-Guinean and Guinean) in Benin noted in Assogbadjo et al. (20056). In the 
Sudanian zone the baobabs had large girths and crowns, and numerous fruit with high 
pulp, seed and kernel production. Baobabs in the Sudano-Guinean zone were short, 
with a dbh intermediate between the Sudanian and Guinean zones, and yielded the 
highest pulp, seed and kernel. Individuals from the Guinean zone were tall but slender; 
their capsules were few, long and thick, with low pulp, seed and kernel production. 
The results of their analysis indicated that although some variation in morphology 
could be attributed to abiotic factors, there was some degree of physical isolation of 
the populations within the different climatic zones. This suggested a substantial 
amount of genetic structuring within the analysed populations. The authors recom- 
mend that similar studies should be carried out throughout the baobab’s area of 
distribtion. 
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8 Physiology 


The annual productivity of dry matter in Senegal of A. digitata with a trunk 1.4m 
in diameter and a 250mm rainfall regime is 22kg of leaves and 2.4kg of fruit 
(Dicko and Sikena 1992). 

Primary photosynthesis is by the leaves. However, the leaves of A. digitata may 
be shed after only 4 months, while the crowns of the remaining species bear rela- 
tively few leaves for such massive trees. A thin, green or yellow photosynthetic 
layer in the upper trunk lies between the thick sheath of longitudinal fibres of the 
inner bark and the surface of the outer bark and supplements normal leaf photosyn- 
thesis (Baum 1995b). 

Fenner (1980) compared the water loss from cut shoots of A. digitata with that 
of eight other local trees and shrubs. The results are shown in Table 21. 

The results are rather surprising. Apart from Commiphora boiviana, the baobab 
was the only species with less than 10% loss in relative turgidity in 20 min. Not only 
did the baobab have the lowest water loss per unit area, it had less than half that of 
Boscia coriacea, which has, as its specific epithet implies, rather leathery leaves. 
Even more remarkable, the baobab had the lowest specific leaf weight, 6.53 mg dry 
weight cm”, of all the species, and B. coriacea the highest, with 29.7mg. 
Furthermore, the baobab’s control of water loss was not due to fewer leafy shoots 
since, in dry weight, 87.1% of a baobab shoot were leaves, compared with 49.1% 
in the least leafy species, Sterculia rhynocarpa. Fenner (1980) therefore concluded 
that the baobab must have exceptionally efficient stomatal control of water loss 
since the leaves exhibit no xeromorphic characteristics, while their low specific leaf 
weight emphasises their mesomorphic character. The leaves of the particular speci- 
men examined were glabrous, the cuticle was only 20и thick, and stomata were 
absent from the upper surface but rather dense on the lower surface, 93 mm^, and 
not sunken. 

Changes in mean girths of 21 baobabs were studied throughout the year in rela- 
tion to rainfall. Not unexpectedly the girth changes reflected the rainfall for the 10 
days prior to each measurement, with more drastic changes when the trees were in 
leaf, and a steady, albeit gradual, shrinkage in girth during the dry season. 

Cyclic changes of girth over a 24 h period were also measured for three baobabs. 
Daily fluctuations only occurred when the trees were in leaf; during a dry spell the 
diurnal fluctuation was minimal, indicating little water uptake and a very low tran- 
spiration rate. When the trunk is considered as a cylinder, calculations based on the 
diurnal changes in volume provided an estimate of about 4001 of water deficit when 
the tree is in leaf, while seasonal shrinkage suggested a loss of up to 1,5001 of water 
during the dry season. From an estimated approximately 64% volume of water 
present in the wood, the total water present in any tree of known volume can be 
calculated. While the daily water loss from the three baobabs may appear consider- 
able, it represents only around 2% of the total water content (Fenner 1980). 

In Madagascar the use of stored water by A. rubrostipa and A. za was assessed 
during leaf flush prior to the onset of the rainy season. The relative contributions of 
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Table 21 Woody species in East Africa and loss of relative turgidity (RT) from cut shoots 
in 20min, and rate of water loss per unit leaf area in 20 min. (From Fenner 1980.) 


Species RT loss in 20 min (%) Water loss mg dm? min"! 
Acacia mellifera 23.3 20.9 
Adansonia digitata 9.7 12.6 
Boscia coriacea 16.8 26.9 
Combretum exaltum 27.9 15.4 
Commiphora africana 10.8 14.5 
Commiphora boiviniana 9.5 14.1 
Grewia bicolor 34.4 17.9 
Grewia villosa 15.8 16.3 
Sterculia rhynchocarpa 14.1 21.8 


soil water and water stored in the trunks and branches were measured by means of 
sap flow probes and isotope tracers; leaf water loss, stomatal conductance and stem 
water content were also determined. During this period the water content of 
A. rubrostipa declined from 6596 of stem volume to 5796, while that of A. za 
declined only slightly from 72% but the reduction was accompanied by a significant 
decrease in girth. 

The rate of stem flow at the base of the trunk during this period was zero, 
indicating that no water was being taken up by the roots and that the leaf flush was 
entirely dependent on the stored stem water. Stomatal conductance and branch sap 
flow rates remained very low, even after the leaves had fully expanded, signifying 
that stored water was not being used to support normal photosynthetic levels. The 
onset of stomatal opening coincided with the onset of sap flow at the base of the 
tree, and only occurred after a significant fall of rain. High levels of water use by 
the baobab were dependent on high soil water availability, while the use of stored 
water appeared to be limited to supporting new growth and the replacement of 
water loss by cuticular transpiration. 

There was no evidence that stored water was used to buffer water deficits during 
the rainy season. This may be because stem water was not entirely accessible. 
Withdrawing excessive amounts of water could cause a loss of cell turgor, lead to 
cavitations of the xylem conduits, or affect the structural integrity of the stem. 
There is a water potential gradient between the flowers and leaves of A. rubrostipa, 
but since the xylem is not able to transport water required for growth and 
transpiration against a water potential gradient, phloem transport is likely (Chapotin 
et al. 2003, 2006a, b; Chapotin and Holbrook 2004b; Chapotin 2005). 

It has been found that along continental gradients, increasing aridity can result 
in increasing stomatal closure and associated decrease in carbon isotope discrimi- 
nation of the leaves. Despite its large water-storage capacity, Schulze et al. (1998) 
found that A. gregorii behaved no differently from other deciduous trees. This find- 
ing is in keeping with the general conclusions of Enquist and Niklas (2002), who 
reported the biomass of a plant's leaves and stems to be in a mathematically predict- 
able relationship to the biomass of its roots. 
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The effects of salinity on growth, photosynthesis, leaf chlorophyll concentration 
and mineral uptake of A. digitata seedlings from the Sudan were investigated by 
Gebauer (2003), Gebauer et al. (2003) and Gebauer and Ebert (2005). Plant growth 
was strongly affected at concentrations of 20-80mM NaCl. Treatment with 20mM 
NaCl produced a 66% reduction in dry weight compared to the control, 0 mM NaCl. 
Leaf chlorosis followed by necrosis and defoliation occurred with all treatments. 
With increasing salinity levels the leaf moisture content increased, indicating 
salt-induced leaf succulence, while net photosynthesis rate and chlorophyll content 
decreased. The Na* and Cl concentration in the plant tissue also increased with 
increasing salinity, while leaf Ca**/Na* and K*/Na* ratios were strongly reduced. It 
was concluded that the baobab seedlings were very salt sensitive. However, 
A. digitata can be found growing along the sea shore of, for example, Senegal, 
Kenya and Mayotte; other species found close to the sea include A. suarezensis and 
A. gregorii. Gebauer's conclusions require further study. 
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Miége (1975) used electrophoresis to examine the seed proteins of A. digitata, 
A. grandidieri, A. perrieri (A. fony sensu Miége 1974) and A. za in order to deter- 
mine the proportions of albumen and globulin among those species he believed to 
form a polyploid series. The results showed that the increase in complexity of the 
protein spectra bore no relation to the increase in chromosome numbers (counts that 
were later shown by Baum and Oginuma (1994) to be erroneous), and that individ- 
ual specimens with significantly different morphologies produced remarkably simi- 
lar protein signatures. 

Ralaimanarivo et al. (1982, 1983) examined the fatty acid composition of the seed 
oils of A. digitata, A. grandidieri, A. suarezensis, A. rubrostipa (syn. A. fony), 
A. madagascariensis and A. za. For their results see Appendix 3, Table 47. The 
analyses show a very good correlation with the taxonomy, with section Adansonia 
occupying an intermediate position between Brevitubae and Longitubae. Among the 
18 fatty acids investigated, all six species were found to contain small amounts of 
odd-numbered fatty acids that were also present elsewhere in the Malvales, but no 
epoxy and hydroxy acids, although they occurred elsewhere in the Bombacoideae. 

Bianchini et al. (1982) examined the composition of unsaponifiable matter 
present in A. digitata, A. grandidieri, A. suarezensis, A. rubrostipa (syn. A. fony), 
A. madagascariensis and A. za seeds. All the dried seeds were rich in oil, especially 
section Brevitubae (A. grandidieri and A. suarezensis) with 36.4—38.7 and 46.296 
respectively; the remainder had 8.4—13.8%. Significant differences between com- 
pounds were also found in the unsaponifiable matter in A. grandidieri and A. suarezensis 
seed oils. Low concentrations of cholesterol were present in all six species, also 
significant differences in the tocopherol composition. The low squalene content, 
13.7%, present in А. suarezensis, compared to 39.5—75.4% in the other five species, 
suggested the possibility of characterising the oil of A. suarezensis. 
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Table 22 Percentage (wet weight) of protein, ash and mineral content of crude and purified 
mucilage from Adansonia digitata leaves. (From Woolfe et al. 1977.) 


Moisture Protein (N x 6.25) Ash Mg Ca K P 
Crude 8.00 6.58 9.88 0.33 5.13 1.11 0.21 
Purified 7.80 6.32 8.80 113 4.82 0.09 0.07 


All organs of A. digitata contain mucilage. When the bark is wounded it produces 
a white, odourless, tasteless, acidic, semi-fluid exudation which quickly dries in the 
open air. The mucilage is more or less insoluble in water and turns reddish-brown 
with age. The fruit produces a dark red gum (Cordemoy 1899; Howes 1949). 

The leaves yield 18g mucilage kg which, on hydrolyis, mainly consist of 
galacturonic and glucuronic acids, with minor quantities of galactose, rhamnose, 
glucose and arabinose. The mucilages form viscous solutions at low concentrations 
(5-10g Г!) and attain maximum viscosity in the neutral pH range, but lose much of 
their viscosity when heated (Woolfe et al. 1977). An analysis of the crude and puri- 
fied mucilage is shown in Table 22. 

The change in protein during purification was slight and could indicate a fairly 
strong interaction of protein with the polysaccharide. During the purification proc- 
ess dialysis did not significantly decrease the mineral content, but altered the con- 
centration of the mineral ions, with an increase in concentration of divalent ions, 
whose retention could indicate binding by the polysaccharide acid group (Woolfe 
et al. 1977). 

Chauhan et al. (1982a, 1984, 1987) found flavonol glycosides with the structures 
3,7-dihydroxy flavan-4-1-5-O-B-p-galactopyranosyl (1—4)-D-p-glucopyranoside 
and fisetin-7-O-a-L-rhamnopyranoside in the roots of A. digitata. Linolenic, lino- 
leic, oleic, stearic and palmitic acids were found in the saponified portion of the root 
oil and B-amyrin and D-sitosterol in the unsaponified matter (Ramesh et al. 1992). 

Betulinic acid and quercetin-7-O-B-D-xylopyranoside were found in the stem- 
bark. Lupeol acetate was the major tritepenoid in the leaves; also present were bau- 
erenol acetate and taraxerone. Bauerenol, friedelin, lupeol, scopoletin and 
B-sitosterol were common constituents of both the bark and the leaves (Desai et al. 
1970; Chauhan et al. 1982b; Dan and Dan 1986). 

Dragendorff's, Mayer's, and silicotungstic acid tests for alkaloids on the bark of 
A. digitata were positive (Quimby et al. 1964). Smith et al. (1996b) extracted the 
carotenoids o-carotene, B-carotene and f.-cryptoxanthin from the leaves of 
A. digitata. 

Pelly (1913) found the seeds contained no alkaloids or cyanogenic glucosides, 
while Haerdi (1964) found no alkaloids, saponins or tannins in unspecified parts of 
A. digitata; Hladik (1980) also obtained negative results for alkaloids in the dry 
leaves of A. rubrostipa. However, the pulp of A. gregorii proved positive for alka- 
loids and saponins (Aboriginal Communities of the Northern Territory 1993). 
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Table 23 Weekly changes in food reserves (mg g' dry weight) during germination of 
Adansonia digitata seeds. (From Etejere et al. 1986.) 


Age of seedlings 


Food reserve Dormant seeds 1 week 2 weeks 3 weeks 4 weeks 

Glucose - 3.54 + 0.04 4.45 + 0.04 3.40 + 0.01 3.71 + 0.03 
Fructose — 2.07 + 0.06 2.76 x 0.02 1.90 +0.03 2.21 +0.07 
Sucrose 5.81 + 0.05 1.39+0.03 2.84 + 0.09 4.53 +0.03 4.23 + 0.05 
Maltose - 4.09 + 0.07 4.31 € 0.01 4.13 + 0.04 3.29 + 0.03 
Маппоѕе - - - 2.50 + 0.02 2.96 + 0.03 
Starch 2.63 + 0.01 0.55 + 0.03 5.23 +0.01 10.80+0.15 11.22 +0.16 
Amino acids 0.06 + 0.0 0.08 + 0.0 0.22 + 0.0 0.23 + 0.0 0.27 x 0.0 

Protein 3.58 + 0.04 2.20+0.12 1.64 x 0.02 1.20 + 0.06 1.36 + 0.02 
Lipids 32.40 + 1.18 28.20 + 1.12 22.2041.15 18.19 + 0.94 17.73 + 0.92 


Nour et al. (1980 found ascorbic and tartaric acids and soluble pectins in 
A. digitata fruit. Al-Qawari et al. (2003) reported the presence of the triterpinoids 
о-атугіп palmitate, В-атугіп, B-sitosterol and ursolic acid. 

Gray and Hayman (1986) reported the presence of O-acetylethanolamine in 
A. digitata seeds, which is believed to have anti-inflammatory properties. 

The seed oil contains arachidic, linoleic, linolenic, palmitic and stearic acids 
(Derbesy and Busson 1968). The steroids 7-dehydro-avenasterol, campesterol, 
cholesterol, iso-fucosterol, sitosterol, stigmast-7-en-3-B-ol and stigmasterol were 
also isolated from the seed oil (Bianchini et al. 1982). 

Vauquelin (1822, 1823) discovered water-soluble mucilage in seeds of 
A. digitata. Gerber (1895) credits Stanislas Martin with the discovery of the so-called 
alkaloid ‘adansonine’, more correctly known as 'adansonin' as it is not an alkaloid. 
W. Lascelles Scott later identified adansonin as the active principle in the antidote 
against strophine arrow poisoning (Christy 1875); no references were cited. The ref- 
erences for ‘adansonin’ in The Merck Index (1952), cite Walz (1852a, b, 1853), but 
Walz mentions an unidentified bark, erroneously named cortex cael cedra, but not 
Adansonia or adansonin. Walz (1852b) had recognised that the bark was not what he 
knew as cortex cael cedar (Khaya senegalensis) and renamed it cortex cael cedra 
spurius but did not name the species. Walz (1853) provides a chemical analysis; his 
other two references give brief descriptions of the bark (see Chapter 5). 

"Adansonin' is obtained by extraction from the bark of A. digitata or A. gregorii 
with alcohol, evaporating the extract until dry, boiling it with water, digesting with 
lead(II) oxide (litharge), then extracting the digest with ether and evaporating to 
produce bitter, white, needle crystals of adansonin. The extract has the formula 
C ,H40,, or C,H,,O,; both are quoted in Wittstein (1878). These are unlikely for- 
mulae, which Kite (2003, personal communication) suspects include substances 
that have been isolated but never characterised as to structure. 

Heckel and Schlagdenhaufen (1888) demonstrated the presence of acetic and 
tartaric acids, glucose, tannin and mucilage in the fruit pulp, as well as a large 
quantity of alkaline salts. They also found a fatty substance, mucilage and glucose 
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in the seeds, wax and tannin in the bark, but no alkaloids or saponins. Gerber (1895) 
reported that the most abundant source of mucilage was the calyx. 

The changes in the seed food reserves during germination were studied by 
Etejere et al. (1986) and the results are shown in Table 23. 

Enzyme hydrolysis decreased the food reserves during the first 2 weeks, reflect- 
ing an increase in activity of the enzymes invertase on the disaccharide sucrose, to 
form the monosaccharides glucose and fructose. The enzyme lipase acted on the 
lipids, converting them into free fatty acids and glycerol. The free fatty acids and 
glycerol then fed into the glyoxylate cycle to release sucrose, which is further 
utilised to generate energy for the growth of the embryo. Maltose resulted from the 
hydrolysis of the reserve starch during growth, whereas the increase in starch was 
due to photosynthesis by the developing foliage (Etejere et al. 1986). 

The floral scent of A. za has been recreated by Kanebo Cosmetics in collabora- 
tion with Takasago International. The perfume is reported to contain about 200 
components, including limonene, o-pinene and several esters. No further details 
given (The Cosmetic Site 2005.) 


Chapter 9 
Natural History 


The baobab is instantly recognisable, yet few people have paid any attention to the 
fauna and flora associated with this island ecosystem. For example, the numerous 
micro-organisms involved in the decay of fallen trees are unknown. Conspicuous 
and, in the drier regions, often the only sizeable tree available, it is no wonder that 
it should harbour a rich fauna. The hollows in the trunk are obvious lairs for many 
mammals and reptiles, while the spreading branches attract nesting birds. The 
nooks and crannies of the lumpy bark harbour an abundant insect life, yet much 
remains unrecorded. 

Many animals will eat the fruit contents once the outer shell has withered and 
broken, and may thereby assist in seed dispersal. The large baobab fruits offer 
several rewarding opportunities to animals. They contain a nutritious pulp and 
numerous seeds, but the seeds develop relatively late in the growth of the fruit, 
thereby reducing the nutritional value of immature fruit. However, in Madagascar 
especially, the fleshy pedicel offers an alternative food resource, and both lemurs 
and parrots have been observed investigating the immature fruit between September 
and November when other fruits and leaves are scarce. Many immature fruits are 
discarded once the pedicel has been chewed or the pulp and young seeds eaten from 
the fruit hanging on the tree (Du Puy 1996b). Such activities must have an adverse 
affect on natural regeneration, although it must be borne in mind that a very low 
recruitment is required to maintain a species with an individual life expectancy of 
1,000 years or more. 

The taxa mentioned in this chapter represent a minute fraction of the flora and 
fauna hosted by the baobabs. 
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1 Mammal Associations 


1.1 Adansonia digitata 


1.1.1 Elephants 


In East and southern Africa elephants (Loxodonta africana) eat only the leaves and 
smaller twigs of the baobab during the wet season and do little damage. However, 
in the dry season they often concentrate on one baobab, whilst neighbouring 
baobabs of a similar size are ignored. They strip the bark, eat any fruit and branches 
they can reach, and gouge out large cavities in the trunk with their tusks, thus caus- 
ing considerable damage to the tree (Fig. 26). 

Old trees may be so damaged that the trunk becomes an hourglass shape and 
collapses. Young baobabs are particularly palatable and elephants invariably 
select young trees of about 1.3m in diameter when feeding on the leaves and fruit 
and, in the process, often push them over. Fortunately, as long as a few roots 
remain in the ground, the now horizontal tree will produce new shoots arising 
vertically from the trunk. During times of drought elephants become almost 
entirely dependent on the baobab to satisfy their voracious appetites. At such times 
other game animals and cattle will also chew the soft, fibrous wood for moisture 
(Ridley 1930; Barnes 1980; Teel 1985; Swanepoel and Swanepoel 1986; 
Swanepoel 1993b; Campbell 1995). 


Fig. 26 Elephant damage to a baobab in Tsavo East National Park, Kenya. 
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In the Tsavo National Park, Kenya, elephants were reported to have started eat- 
ing baobabs intensively only from about 1956 onwards; they destroyed many trees 
during the 1961 drought. Some baobabs, however, showed old scars that had com- 
pletely healed over, so that the same change in eating habit may also have happened 
in the distant past. Baobab bark is normally a secondary food item during the dry 
season. However, during the drought of 1961 very little green material was availa- 
ble in the Tsavo National Park, so that the bark became an important food, and trees 
were often destroyed. Several instances were reported of elephants being crushed 
and pinned to the ground by baobabs falling on them while they were eating. 

By 1970 the baobab population in parts of the Tsavo East National Park had 
been nearly exterminated. So few survived that they were not worth including in the 
survey of elephant damage (Leuthold 1977). Similarly, elephants in the Luangwa 
Valley, Zambia, began eating and destroying baobabs in 1961 (Robertson-Bullock 
1960; Napier Bax and Sheldrick 1963). 

The elephants used their tusks to break up the fibrous material, which they then 
stripped off with their trunks and ate, although they spat out much of the fibre after 
the extracting the juice. The bark contains a much higher percentage of calcium 
(4.53%) than other items of the elephant’s diet, but has only a moderate or poor 
protein content (3.48%). Thus, it is possible that they destroy the trees in their 
search for calcium, although other factors, such as palatability and moisture con- 
tent, must also be considered (Napier Bax and Sheldrick 1963). 

An alternative theory put forward by Owen (1974) was that the bark was a nor- 
mal part of the elephants’ diet and that damage was not usually excessive. 
Wholesale destruction of the bark was a form of displacement behaviour arising 
from pressures attributable to the confinement of large elephant populations in 
game reserves. Under natural conditions the elephants would have relieved any 
population pressure by dispersing to other areas. Changes in rainfall and land-use 
may also be important factors (Guy 1970; Wilson 1988). 

Weyerhaeuser (1985) studied elephant damage to 553 baobabs between 1969 
and 1981 in the Lake Manyara National Park, Tanzania, where the bark and soft, 
pulpy wood were part of elephants’ dry season diet. He attributed the increased 
damage to the growing abundance of elephants. Despite an increase in damage 
and mortality the basic age structure of baobabs remained unchanged. All the 
baobabs killed by elephants were in the smaller size classes, «20cm dbh, and 
while damage increased with tree size, elephant-induced mortality decreased. 
Serious damage occurs when the wood is eaten to such a depth that the tree is in 
danger of collapse. Thus, the smaller surface area to volume ratio of the larger 
trees can explain this apparent paradox. However, should elephant damage and 
high mortality in the younger age classes remain unchecked, a long-term decline 
of the baobab population is inevitable. 

The exceptional longevity of the baobab means that significant changes in mor- 
tality over an extended period arising from elephant damage may have long-term 
implications for the baobab population. Conversely, the present population struc- 
ture is largely the result of environmental factors present long ago. According to 
Caughley (1976), the difference between the expected and observed numbers of 


206 9 Natural History 


baobabs in the population age structure reflected long-term cycles of elephant utili- 
sation. Thus, the lower than expected number of trees in the 160—240 age class 
could correspond to a period of high mortality when they were small, while the 
higher than expected numbers in the 320-440 age classes could correspond to a 
period of low elephant utilisation. However, Guy (1982) argued that baobab growth 
rates are uncertain and should be used with caution when predicting age classes. 

The high elephant population in the Ruaha National Park, Tanzania, has also 
resulted in a decline of the baobab population there. Surveys were carried out in 
1976, 1977, 1982 and 1989; 3% mortality was reported by the first survey, and by 
1982 the proportion of dead baobabs was three times greater. Although baobab 
densities fell between the 1976 and 1982, there was no significant change between 
1982 and 1989. It was also noted that bull elephants spent longer than females feed- 
ing on baobabs but, because poachers had now killed most of the bull elephants, the 
destructive browsing had been controlled. It was therefore concluded that to 
preserve the baobab populations it was only necessary to cull bull elephants. 
Furthermore, the age distribution reported by Caughley (1976) could now be 
explained by a recent increase in elephant numbers without postulating cycles of 
elephant utilisation of baobabs (Barnes 1980, 1985; Barnes et al. 1994). 


1.1.2 Apes and Monkeys 


Nomenclature for scientific and common names follows Gippoliti and Visalberghi 
(2001). In season baobab fruit are an important food for the common chimpanzee 
(Pan troglodytes). At Mont Assirik, Senegal, they use the trunk or branches to 
pound open the fruit in situ. There is also indirect evidence of fruit being smashed 
on the ground. The chimpanzees pull out and eat the pulp from ripe fruit; the seeds 
pass through the digestive tract undamaged. They have been observed picking out 
entire baobab seeds from their faeces. Chimpanzees do not eat the pulp from unripe 
fruit since apes, unlike monkeys, are unable to digest unripe fruit; they also eat 
baobab flowers. 

Chimpanzees may sometimes nest in baobabs, although the foliage may be too 
sparse. They have difficulty in climbing smooth, cylindrical trunks and unless the 
canopy is entwined with that of neighbouring trees, the fruit of such baobabs will 
remain inaccessible. However, a chimpanzee has been observed climbing a ladder 
used by honey collectors to gain access to the fruit (Marchant and McGrew 2002, 
2005; McGrew et al. 1988, 1998, 2003; McGrew 2004, personal communication). 

Baboons (Papio spp.) eat tender young leaves and either pluck fruit from the tree 
or pick up fallen fruit from the ground, which they break open with their extremely 
powerful jaws and eat the contents. Baobabs sometimes occur in quite difficult ter- 
rain and almost certainly get there with the help of baboons, which carry pods to 
such places and eat them there. At least some entire seeds pass through the diges- 
tive system (Murray et al. 2001) but whether any are spat out is not known. 
Elephants eagerly eat any partially eaten or discarded fruit lying on the ground. 
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Various species of monkey, including the blue or Sykes’s monkey (Cercopithecus 
albogularis) and green monkey (Chlorocebus subaeus), will smash open the 
ripe fruit against rocks or seek broken pods lying on the ground and eat the sweet 
pulp within; they also take refuge in the upper hollows and branches of the 
baobab. Vervet or grivet monkeys (Chlorocebus aethiops) find it more difficult to 
break open the pods; they also eat tender young leaves (Coe 2005, personal 
communication). 

There are no extant New World monkey species in the West Indies but feral 
populations of green monkeys and possibly other species, were introduced to 
Barbados, Nevis and St. Kitts from West Africa and Angola at the time of the slave 
trade (Denham 1981). They too are believed to smash open baobab pods for food. 

In the Gendagenda South Forest Reserve, Tanzania, the dominant tree species 
are Scorodophloeus fischeri with Manilkara sulcata and Balanites maughami. Here 
troops of Tanzanian black colobus (Colobus angolensis palliates) eat, rest and 
occasionally sleep in baobab trees. They spend 81% of their feeding time during 
the wet season and 25% during the dry season eating baobab leaves (Lowe and 
Sturrock 1998). 

It is not known for any of the monkeys whether the seeds are ejected or swal- 
lowed and, if swallowed, whether they remain viable after passing through the 
digestive tract. 


11.3 Fruit Bats 


As their name implies, fruit bats eat fruit, including that of the baobab; some also 
feed on pollen and nectar, and include important pollinators of A. digitata (see 
Chapter 8). 

The fruit bats that feed on the nectar and act as major pollinators of the baobab 
in Africa are: the straw-coloured fruit bats (Eidolon helvum), Gambian epauletted 
fruit bats (Epomophorus gambianus gambiensis), Peters’s epauletted fruit bat 
(E. crypturus), Peters’s dwarf epauletted fruit bat (Micropteropus pusillus, 
Veldkamp's dwarf epauletted bat (Nanonycteris veldkampi) and the dog or Egyptian 
rousette bat (Rousettus egyptiacus) (Jaeger 1945, 1950, 1954; Harris and Baker 
1959; Start 1972; Ayensu 1974; Marshall and McWilliam 1982; Baum 1995a; 
Roodt 1995). The global distribution of Epomophorus and Pteropus is shown in 
Fig. 21. Other fruit bats, such as the endemic Pemba fruit bat (Pteropus voeltzkowi) 
feed on the flowers of A. digitata; Wahlberg's epauletted bat (Epomophorus 
wahlbergi), which is widely distributed through sub-Saharan Africa, feed on the 
fruit (Entwhistle and Corp 1997; Mickleburgh et al. 1992). 

Among the insectivorous bats, colonies of Sundevall's round-leaf bat 
(Hipposideros caffer), which is widely distributed through sub-Saharan Africa, 
Morocco, Ahaggar massif in Algeria, and south-west Arabia, roost in hollow 
baobabs (Sweeney 1973), as does the false vampire or heart-nosed bat (Cardiodertma 
cor) of eastern Africa, and doubtless many other bat species. 
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In India Leschenault’s fruit bat (Rousettus leschenaulti) feeds on the flowers and 
presumably pollinates them (McCann 1940). 

In the West Indies the Jamaican fruit-eating bat (Artibeus jamaicensis) is known 
to feed on the flowers of Ceiba pentandra and is therefore assumed to also feed on 
baobab flowers (Blumenthal 2004, personal communication). 


1.1.4 Other Mammals 


The hollows are much used during the day by sheltering leopards (Panthera par- 
dus), genets (Genetta spp.) and porcupines (Rodentia: Hystricidae) (Cashel 1995). 
The striped hyaena (Hyaena hyaena dubbah) has been known to rear its young in 
a hollow baobab (Sweeney 1973). 

The West African lesser bush baby (Galago senegalensis) is distributed from 
Senegal to Somalia and Tanzania. In East Africa it shelters by day in holes in 
baobabs, while further south it often rests in exposed leafy nests. The greater 
bush baby (Otolemur crassicaudatus) occurs from eastern Zaire and south- 
western Kenya to Angola and eastern South Africa. It also spends the day in 
large nests hidden in dense foliage. Both are nocturnal feeders on baobab 
flowers and function as minor pollinators (see Chapter 8) (Coe and Isaac 1965; 
Cashel 1995). 

Eland (Tragelaphus oryx), kudu (T. strepsiceros), nyala (Т. angasi) and impala 
(Aepyceros melampus) eat the leaves, flowers and fruit; baobab seeds have also 
been found in the stomach of eland (Ridley 1930; Lamprey 1963; Owen 1974; 
Peters and O’Brien 1980), while the giraffe (Giraffa camelopardalis) will browse 
on the tender leaves (Bash 1989). 

The bush pig (Potamochoerus larvatus) is widely distributed through sub-Saharan 
Africa and Madagascar. In Madagascar it is known to eagerly eat baobab fruit 
(Perrier de la Bathie 1924), and probably does so in Africa too, but whether the seeds 
are destroyed in the process is not known. The seriously endangered black rhino 
(Diceros bicornis) also eats baobab pods (Coe 2005, personal communication). 

The strictly nocturnal ratel or honey-badger (Mellivora capensis) seeks out bees’ 
nests in the hollow trunks of the baobab in order to devour the honey. For its size 
the ratel is an extremely powerful and ferocious animal and, when disturbed by 
people, has the unpleasant habit of attacking the genitals (Sweeney 1969). 

Ground squirrels (Xerus spp.), bush squirrels (Paraxerus spp.), acacia rats 
(Thallomys spp.) and many other rodents eat baobab seeds. The Cape or crested 
porcupine (Hysterix africaeaustralis) and the North African crested porcupine 
(Н. cristata) will gnaw away at the pods to feed on the seeds (Campbell 1995; Coe 
2005, personal communication). 

In India, Burton-Page (1969) reported seeing deer (Cervidae) feeding on petals 
from fallen baobab flowers but was unaware of petals being collected for cattle 
fodder. 
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1.2 Malagasy Species of Baobabs 
1.2.1 Lemurs 


Widely distributed through Madagascar, the nocturnal, fork-marked lemur (Phaner 
furcifer) is so named because of the deep black-brown stripe down its back, which 
forks on the forehead above the eyes. Four subspecies are recognised, of which one, 
the pale fork-marked lemur (P. furcifer pallescens) occurs along the west coast of 
Madagascar and is responsible for the pollination of A. grandidieri, A. rubrostipa 
and A. za. The amber fork-tailed lemur (P. furcifer electomontis) is found in the 
extreme north and is considered a possible pollinator of A. suarezensis. 

These lemurs travel high in the tree canopy and live mainly on a diet of insects, 
exuded gums and nectar, although they will also eat flower buds, flowers and fruits, 
including those of the baobabs. During the day they rest in the nests of other lemurs 
or use hollow trunks as a refuge or nest site (Charles-Dominique et al. 1980; Jolly 
et al. 1984; Baum 1995a; Du Puy 1996a; Garbutt 1999; Birkinshaw and Colquhoun 
2003; Schülke 2003). 

The nocturnal Coquerel's dwarf lemur (Mirza coquereli, syn. Microcebus 
coquereli) feeds mainly on fruits but also on invertebrates and vertebrates. In the 
dry season it has been observed in the dry deciduous forests of the Morondava area 
feeding on the gum exudate and flowers of A. grandidieri; other baobabs in the area 
are A. rubrostipa and A. za. This lemur occurs in the north-west as well as in the 
west-central coastal forests, and may also eat the flowers of A. madagascariensis. 
The early flowering of these other baobabs could also make them an important food 
source (Hladik et al. 1980; Pages 1980; Birkinshaw and Colquhoun 2003; Kappeler 
2003; Andriafidison et al. 2006). 

The grey mouse lemur (Micocebus murinus) of western and southern Madagascar 
is nocturnal, sleeping and hibernating in the hollows of trees such as the baobabs. 

The crowned lemur (Eulemur coronatus, syn. Lemur coronatus) is restricted to 
the northern tip of Madagascar. Although mainly a frugivore, it also feeds on flow- 
ers during the dry season (Overdorff and Johnson 2003). It is reputed to eat the 
seeds of A. suarezensis, but observations by Du Puy (1996a, b) on captive crowned 
lemurs manipulating the fruits, suggest that they are more interested in the pulp 
than the seeds, which, too large to be swallowed, are discarded. 

The fat-tailed dwarf lemur (Cheirogaleus medius) is distributed throughout the 
dry deciduous forests of western Madagascar, from the Baie de Narinda south to 
Morondava. This lemur is unique in being an obligate hibernator. Nocturnal, it 
feeds on gum, flowers, nectar, fruits, seeds, insects and spiders. Because it hiber- 
nates from May to November it is not considered to be a major pollinator of 
A. grandidieri, although it has been frequently been seen visiting the flowers of 
A. rubrostipa (Hladik et al. 1980; Jolly et al. 1984; Baum 19952; Fietz 2003). 

In Madagascar the sifaka (Propithecus) is represented by three species and eight 
subspecies. These are specialised leaf-eating lemurs, which move through the trees 
by vertical climbing and spectacular leaping from trunk to trunk for distances of 
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5m or more. Verreaux’s sifaka (Р. verreauxi verreauxi) occurs in forested regions 
from the Tsiribihini River in the west to near Tólafiaro in the south-east. It thrives 
in the semi-deserts of southern Madagascar on a diet of leaves, fruit and seeds and, 
as far as is known, never needs to drink any standing water. It feeds destructively 
on both the buds and flowers of A. za and does not contribute to pollination. In the 
Kirindy Forest the leaves of A. grandidieri, A. rubrostipa and A. za appear before 
the end of the dry season and provide an important food resource during the late 
dry season for both the sifaka and the brown lemur (Eulemur fulvus) (Jolly et al. 
1984; Baum 1995a; Du Puy 1996b; Garbutt 1999; Richard 2003). 

The red-tailed sportive lemur (Lepilemur ruficaudatus) of south-west Madagascar 
is strictly nocturnal, sleeping by day in tree hollows or dense foliage. It feeds 
mainly on leaves but towards the end of the dry season buds and flowers become 
increasingly important; it is a destructive feeder of A. grandidieri flowers (Du Puy 
1996a; Thalmann and Ganzhorn 2003). 


1.2.0 Fruit Bats 


All three Malagasy fruit bats are endemic to Madagascar and are known to feed 
on baobab flowers. Baum (19952) and Andriafidison et al. (2006) observed the 
Madagascar straw-coloured fruit bat (Eidolon dupreanum), formerly regarded as 
a subspecies of E. helvum, visiting the flowers of A. grandidieri and A. suarezen- 
sis. The bat is fairly widely distributed throughout Madagascar, roosting on crags 
and river cliffs, in caves and the canopies of dense trees. Another possible fruit 
bat pollinator is the endemic Madagascar flying fox or fanihy (Pteropus rufus). 
It is among the world's largest bats and found throughout Madagascar. These bats 
roost in large numbers in trees or caves during the day and emerge at twilight in 
massive colonies, flying distances up to 34 km in search of food. They will chew 
some flowers, for example Ceiba spp., so they could be nectar thieves of 
Adansonia. 

The third endemic fruit bat, the Madagascar rousette bat (Rousettus madagas- 
cariensis), is distributed from the Tsiribihina River northwards and down the east 
coast. Large populations roost in caves and trees but the species is notably absent 
from the spiny forest of the south-west and the deforested central highlands. 
However, whether it visits baobab flowers is not known. (Jolly et al. 1984; Eger and 
Mitchell 1996, 2003; Carroll and Feistner 1996; Garbutt 1999; Hutcheson 2003; 
MacKinnon et al. 2003). 

In the Tsingy de Bemaraha area of Madagascar niches may be cut in the bark of 
baobabs to provide hand- and footholds to enable the local inhabitants to fix nets 
for catching bats, which are then eaten by the Mahafaly and Antandroy; Muslims 
are forbidden to eat bats (Dodwell 1995; MacKinnon et al. 2003). 

The endemic Comoros lesser fruit bat (P. seychellensis comorensis) feed on 
A. digitata and A. madagascariensis (Trewhella et al. 2001). 
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1.2.3 Other Mammals 


The fossa (Cryptoprocta ferox), a solitary, civet-like carnivore, widely distributed 
through the intact forests of Madagascar (Hawkins 2003), may nest in the trunk of 
a hollow baobab. 

Rats (Muridae), and probably other mammals, avidly eat the seeds of the fallen 
fruit of A. grandidieri (Perrier de la Báthie 1924). The giant jumping rat 
(Hypogeomys antimena) is the only extant member of the endemic subfamily 
Nesomyinae, and is Madagascar's largest living rodent. Subfossil records show that 
1,400 years ago its distribution extended from the central highlands to the south but 
it is now restricted to a small area of dry deciduous forest to the north of Morondava. 
Nocturnal, it feeds on fallen fruit, seeds and leaves as well as stripping bark from 
saplings and digging for roots and tubers (Sommer 2003). It feeds on the fruits of 
A. rubrostipa in the dry deciduous forests in the vicinity of Kirindy; an absence of 
seedlings where jumping rats and pigs occur suggests the seedlings are also eaten. 
A. grandidieri and A. za also occur in the Kirindy area and are probably eaten by 
jumping rats. Du Puy (1996a, b) found 92% of mature fallen fruits had been opened 
and the pulp and seeds removed. The seeds were not scattered around and had 
either been eaten or hoarded for later consumption, although there was no evidence 
of any hoards. The rat manipulates the fruit and seed with its short forelimbs whilst 
in a semi-upright position; its narrow teeth fitted the marks found on discarded 
baobab fruits. The western tufted tail rat (Eliurus myoxinus) is also considered 
likely to feed on the fruits of A. madagascariensis, A. rubrostipa and A. za. In sub- 
family Murinae the widespread introduced black and brown rats (Rattus rattus and 
R. norvegicus) are other possible predators of baobab fruits and seeds. 

Bush pigs or potamocheres (Potamochoerus larvatus) are not native but were intro- 
duced from Africa, possibly some 2,000 years ago, and are now widely distributed 
throughout Madagascar apart from the central highlands. They feed mainly on fruit, 
berries, roots and tubers. They undoubtedly eat the swollen taproot of A. rubrostipa 
saplings and probably those of other Malagasy baobabs. Bush pigs, and probably other 
mammals, also eat the fallen fruit of A. grandidieri. Whether they help disperse seeds 
or simply destroy them is not recorded (Perrier de la Báthie 1924; Du Puy 1996b; 
Garbutt 1999; Andrianjakarivelo 2003; Goodman et al. 2003). Bush pigs are almost 
certainly equally destructive of baobab saplings and fruit in their native Africa. 

Du Puy (1996b) reported A. rubrostipa bearing up to 104 fruits, all of which fell 
prematurely due to predation of the fleshy pedicel by unspecified animals. 


1.3 Adansonia gregorii 


Rock wallabies (Petrogale spp.), wallabies and kangaroos (Macropus spp.) feed on 
boab fruit and disperse the seeds in their scats. The scaly-tailed possum (Wyulda 
squamicaudata), a nocturnal marsupial of the coastal areas of the Kimberley, is 
believed to feed on boab leaves, flowers and fruits (Jackson 2003). 
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The blossom bat (Glosophaga sp.) has been reported visiting boab flowers (Baum 
and Handasyde 1990). Froggatt (1934a) noted that at night flying foxes, i.e. fruit bats 
(Pteropodidae), visited boabs to eat the pods. Fruit bats often roost in hollow trees 
during the daytime, and Lowe (1998) once found a dozen small insectivorous bats 
sleeping crowded together in a small cavity on the underside of a thick branch. 


2 Bird Associations 


2.1 Adansonia digitata in Africa 


The red-crested turaco (Tauraco eythrolophus) is a poor flier and spends most of 
its life in a tree, such as a baobab, where it feeds on the fruit, seeds, insects and 
snails. In West Africa, colonies of great white or rosy pelican (Pelecanus 
onocratalus) may sometimes nest in the baobab (Molien 1967; personal 
observation). 

The predatory bateleur hawk (Terathopius ecaudatus), will sometimes build its 
compact cup-shaped nests of sticks in a baobab. The black-chested snake eagle 
(Circaetus pectoralis), and sometimes the small brown Wahlberg’s eagle (Aquila 
wahlbergi) also nest there, while the secretary bird (Saggitarius serpentarius) 
builds its grass-lined nest of twigs and turf in a baobab, whose proximity to any bat 
population must be an added attraction. In East Africa the brown harrier or snake 
eagle (Circaetus cinereus) is typically associated with deciduous woodlands domi- 
nated by baobabs. The giant or Verreaux's eagle owl (Bubo lacteus) has a penchant 
for other birds’ nests, which it either finds abandoned or forcibly takes over, such 
as the massive nest of sticks and mud of the aptly named hammerkop (Scopus 
umbretta) or that of the barn owl (Tyto alba). Neither is the scavenging Marabou 
stork (Leptoptilos crumeniferus) averse to roosting and establishing breeding colo- 
nies among the baobab's branches. 

Among other nesting birds frequenting the baobab are the red-winged starling 
(Onychognathus morio), the ashy starling (Cosmopsarus unicolor) and the gregari- 
ous swifts (Apus spp.), which build their nests in holes and crevices of the trunk, as 
do kingfishers (Alcedinidae), rollers (Coraciidae), barbets (Capitonoridae), parrots 
and lovebirds (Psittacidae). In Tanzania the latter include the orange-bellied parrot 
(Poicephalus rufiventris), yellow-collared lovebird (Agapornis personata) and 
Fischer's lovebird (A. fischeri), and in southern Africa the grey-headed parrot 
(Poicephalus fuscocollis suahelicus) (Owen 1974; Searle et al. 1977; Wilson 1979; 
Zimmerman et al. 1996; Symes and Perrin 2004). 

Hornbills (Bucerotidae) will nest in hollows in trunks. The female yellow-billed 
hornbill (Tockus flavirostris) and red-billed hornbill (T. erythrorhynchus), like 
many other members of the hornbill family, are confined to their nests while breed- 
ing, walled in with mud and fed by the males through small slits in the mud wall. 
After the eggs have hatched the females moult and break out before the young are 
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fully developed; the young then reseal the hole with their own dung. The parents 
continue to feed their young until it is time for them to break out and fly. In contrast, 
the female southern ground hornbill (Bucorvus leadbeateri) is trusted to nest with- 
out a confining wall. 

Occurring in pairs, the mosque swallow (Hirundo senegalensis), is a Palaearctic 
migrant and will nest in tall baobabs. The tree is also a favourite nesting place for 
the garrulous seed-eating, weavers. Buffalo-weavers (Bubalornis albirostris) and 
red-billed buffalo-weavers (B. niger) build mammoth, intricately fashioned, dome- 
like communal nests, precariously perched at the end of the lower branches. Red- 
headed weavers (Anaplectes rubriceps) live in pairs or small groups and the 
polygamous male weaves pendulous, retort-shaped nests. A male, having built his 
nest, hopes to attract females to inspect her new home, but if she is not satisfied 
with her nest a new one must be built! White-headed buffalo weavers (Dinemellia 
dinemelli) occupy their nests only during the rainy season and, when the nest is 
vacated, the superb starling (Lamprotornus superbus) or the pygmy falcon 
(Polihierax semitorquatus) may take up residence. 

The brightly plumaged and equally gregarious bee-eaters (Merops spp.) also form 
nesting colonies among the branches. These birds always nest on the western side of 
the tree canopy, and travellers in Limpopo Province of South Africa have used the 
nests to serve as a rough direction guide. The bee-eaters and other insectivores, includ- 
ing the fork-tailed drongo (Dicrurus adsimilis), doubtless find the resident insect 
population an attractive source of food (Brown 1965; Guy,1972; Owen 1974; Searle 
et al. 1977; Wickens 1979b; Coe 1985; Cashel 1995; Zimmerman et al. 1996). 

The mottled spinetail (Telacanthura ussheri stictilaema), recognisable from its 
blackish plumage, mottled throat and conspicuous, slender white body band, is 
associated in East Africa with deciduous woodlands dominated by baobabs and will 
occasionally build a nest in a hollow tree. So too will the smaller Boehm's spinetail 
(Neafrapus boehmi). In South Africa Boehm's spinetail is reported to breed and 
roost almost exclusively in baobabs and its continued survival may depend upon the 
conservation of the baobabs. Normally these birds are rarely seen and occur in pairs 
or small groups. However, the Big Tree in the Kruger National Park is home to a 
colony of more than 250 mottled spinetails, which return at night to roost in the tree 
after a day spent on the wing catching flying insects. These birds acquired their 
common name from spines at the end of the tail feathers, not visible unless the bird 
is being held, which are used to prop the birds against the vertical inner walls of 
hollow baobabs. Their nests are immaculate half cup-shaped constructions of 
leaves and twigs glued to the wall by the bird's sticky saliva (Zimmerman et al. 
1996; Helm 2001). 

In the Nuba Mountains, Sudan, Sweeney (1973) observed brown or Meyer's 
parrots (Poicephalus meyeri) on the ground feeding on broken baobab fruits. 
Although typically a ground feeder, the yellow-fronted canary (Serinus mozambicus), 
conspicuous because of its yellow rump, will feed on buds and flowers in the tree 
tops and is often associated with baobabs in the coastal districts of East Africa. The 
greater or black-throated honey-guide (Indicator indicator) has acquired the habit 
of guiding humans to the nests of wild bees, which are often found in baobabs. 
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To announce its discovery it utters a series of monotonous, squirrel-like ‘chitik- 
chitik-chitik’ chirps and indicates the nest by continuously diving at it. The bird is 
not physically adapted to opening the hive and has evolved this unique symbiotic 
relationship with mankind; there is no satisfactory evidence it guides other animals, 
such as honey-badgers, to bees’ nests. The birds feed upon the honeycomb and 
grubs after the nest has been chopped out. They are the only birds known to be able 
to digest beeswax. The honey-guide, like the cuckoo (Cuculus canorus), looks for 
the nests of birds such as barbets and woodpeckers in which to lay its eggs (Guy 
1972; Owen 1974; Roodt 1995; Zimmerman et al. 1996). 

The hollow trunks of baobabs of the Makgadikgadi Pans of Botswana provide a safe 
refuge for that nocturnal hunter, the barn owl (Tyto alba). Often more than one breeding 
pair uses a hollow trunk. The same bonded pair returns to nest and roost in the same 
tree year after year (Ross, 1987). In Namibia, guinea fowl (Numidinae) scrape their 
nests beneath the shady canopy of the baobab (Mshigeni and Hangula 2001). 


2.2 Adansonia digitata in India 


Numerous birds frequent the baobab, especially during the spring flowering period. 
They include nectar-feeding sunbirds (Nectariniidae), insect eating drongos (Dicrurus 
spp.) and omnivorous mynas (Gracula religiosa), starling (Sturnus vulgaris), orioles 
(Oriolidae) and crows (Corvidae) (Sanyal 2005, personal communication). 


2.3 Malagasy Species of Adansonia 


Parrots (Psittaciformes) and guinea fowl (Numidinae) eat the seeds of A. grandidieri 
(Perrier de la Báthie 1924) and of other baobabs. The greater and lesser Vasa 
parrots (Coracopsis vasa and C. nigra) feed on the flowers and, if available, the 
fruits of A. rubrostipa and A. za. The greater Vasa is unusual in that the female sings 
to attract the male, and she uses the tallest tree around, often the baobab, from 
which to sing her breeding song. The baobabs of Kirindy are, together with 
Commiphora guillaumini, the Vasa's favoured nesting trees. It makes its nest in 
cracks or holes in the trunk. The grey-headed lovebird (Agapornis canus) may also 
nest in such crevices and there is much competition from kestrels and rollers for 
these nesting sites (Ekstrom 2002, 2003). 

Among the numerous raptors known to nest in baobabs are the endemic 
Madagascar fish eagle (Haliaeetus vociferoides), Madagascar buzzard (Buteo 
brachypterus), Madagascar harrier hawk (Polyboroides radiatus), and the secretive 
banded kestrel (Falco zoniventris), which may use old nests of the sickle-billed 
vanga (Falculea palliata), the ubiquitous Madagascar kestrel (Falco newtoni), the 
largely urban barn owl (Tyto alba), the eastern Madagascar scops owl (Otus rutilus), 
and the poorly known endemic Madagascar long-eared owl (Asio madagascariensis), 


2 Bird Associations 215 


while the sooty falcon (Falco concolor) is an overwintering visitor that does not 
breed in Madagascar. 

The rollers (Coraciidae) include the endemic cuckoo-roller (Leptosomus dicolor) 
nesting in tree cavities, and the broad-billed roller (Eurystomus glaucurus), a 
migrant from Africa for the breeding season. Endemic Vangidae nesting in baobabs 
include the sickle-billed vanga (Falculea palliata), the hook-billed vanga (Vanga 
curvirostris), the rufous vanga (Schetba rufa) and probably many others. The two 
endemic members of the weavers (Ploceidae) are the non-gregarious Nelicourvi 
weaver (Ploceus nelicourvi), which builds solitary, beautifully woven, suspended 
nests and the gregarious Sakalava weaver (P. sakalava), which suspends its retort- 
shaped nests in A. za (Craig 2003a, b; Ekstrom 2003, personal communication; 
Rabarisoa et al. 2003; Schulenberg 2003; Thorstrom et al. 2003). 

Only two members of the specialist nectar-foraging sunbirds (Nectariniidae) are 
found in Madagascar, both endemic: the Souimanga sunbird (Nectarinia souimanga) 
and the Madagascar green sunbird (N. notata). Both have bright plumage, long 
decurved bills and brush tongues, and, since one has a longer bill than the other, it 
is unlikely that they compete for food. They are non-pollinating visitors of the 
flowers of A. grandidieri, A. suarezenis and A. perrieri, seeking their nectar 
(Benson 1984; Baum 19952). 

A striking bird, the hoopoe (Upapa epops) is found through much of Europe, 
northern Africa and Asia, which overwinters in tropical Africa and southern Asia, 
and sometimes builds its nest in the crevices of a baobab trunk. The fig-eating 
Madagascar green pigeon (Treron australis) may build its nest of twigs in a 
baobab's branches, as may the pied crow (Corvus albus) and the crested drongo 
(Dicrurus forficatus), which launches off from its perch high up in the branches to 
catch insects. 


2.4 Adansonia gregorii 


Yellow white-eyes (Zosterops lutea and Z. citrinellus), which have conspicuous 
white circles around their eyes, forage for insects among boab flowers (Baum and 
Handasyde 1990; Baum 19952). 

The nests of several widespread species of birds are found in the boab. The most 
obvious is the large and untidy assemblage of twigs put together by the crow 
(Corvus orru) and often later colonised by the fork-tailed or black kite (Milvus 
migrans), an impressive-looking raptor with the reputation, celebrated in creation 
stories, of being a poor hunter because it lives on insects and carrion and does not 
kill large game of its own. In contrast to this is the neat, smooth, cup-shaped mud- 
nest of the gregarious magpie-lark (Grallina cyanoleuca), whose terracotta nursery 
must surely have inspired human beings to build houses from rammed earth. Their 
nests were probably the unidentified small circular objects observed by Grey 
(1841) high up in the branches. 

Groups of grey-crowned babblers (Pomatostomus temporalis) work together to 
construct their roughly globular communial nests of sticks and grass. Some birds, 


216 9 Natural History 


including kestrels, take advantage of pockets or hollows high up in the tree, which 
they line with grass and twigs and use as nests for their eggs. Deposits of bird drop- 
pings coating the tree underneath betray the nests of the Nankeen kestrel (Falco 
cenchroides). 

By the Logue River a grove of boabs provides breeding sites for many species 
of birds. Lowe (1996) has observed black or fork-tailed kites (Milvus migrans) 
nesting there, their platform of sticks providing a strong support for the grassy nests 
of a colony of zebra finches (Poephila guttata) breeding at the same time in a 
vacated babbler’s nest underneath. Whether the sitting kite and her offspring were 
disturbed or entertained by the comings and goings of their noisy neighbours in the 
lower apartments is not known. 

In a nearby boab tree a white-faced heron (Ardea novaehollandiae) sat on the 
scrappiest little nest that looked as if it would hardly have room to support a grow- 
ing chick. Yet several weeks later the mother heron was in the same place alongside 
her offspring. Both birds sat motionless with their long necks stretched and their 
bills pointed to the sky, so that they were barely distinguishable from the grey 
branches around them. Pairs of black-breasted buzzards (Hamirostra melanoster- 
non) may also build their nest in a boab. They are reported to incubate two eggs 
and, when they hatch, the stronger chick devours its sibling, or attacks it and heaves 
it out of the nest. 

Not all birds that visit boab trees build their nests in them. Honey-eaters 
(Meliphagidae) feed on the early morning nectar of the flowers, and may thereby 
assist in pollination (see Chapter 8). Others take advantage of the shade offered by 
the boab’s foliage during the heat of the day or forage amongst the branches for 
insects and lizards. Approach a large and shady boab on a hot day, and you are 
likely to startle out of its crown a flurry of little corellas (Cacatua sanguinea), a 
pair of honey-eaters, a sleepy and indignant owl, or, hiding within a hollow in the 
trunk, an owlet-nightjar (Aegotheles cristatus) (Lowe 1998). 

On Adolphus Island in Cambridge Gulf, Saville-Kent (1897) noted a baobab 
with a huge nest of interlacing sticks built by the osprey or sea eagle (Pandion 
haliaetus, syn. P. leucocephalus), a monotypic fish-eating species. He believed it 
to be the same nest first noticed by King (1827) and apparently tenanted by succes- 
sive generations of ospreys. 


3 Reptile Associations 


3.1 Adansonia digitata 


Numerous reptiles, especially pythons (Python spp.), boomslangs (Dispholidus 
typus), mamba (Dendroaspis sp.) and Egyptian cobra (Naja haje) seek refuge in the 
hollows of the tree. Sweeney (1973) recorded the desert black-headed snake or 
Somalian burrowing viper (Micrelaps vaillanti syn. M. boettgeri) near a baobab in 
the Nuba Mountains, Sudan, a first record for the region. 
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Martin Williams (2002) tells how, at the Stone Age site close to the Kalambo 
Falls, Tanzania, the eminent archaeologist Professor Desmond Clark (1916—2002) 
was presiding at a dinner set on trestle tables under a large baobab when a tree 
snake fell onto the table just as drinks were being served. Unperturbed, Clark 
resumed dinner as if nothing had happened. 

Monitor lizards (Varanus spp.) also shelter in hollow baobabs. Nile monitors 
(V. niloticus) find baobabs near river banks very convenient for their desired feed 
of crocodile eggs. 

The baobab gecko (Hemidactylus platycephalus) was collected on and under the 
bark of trees, including the baobab, and in rock crevices and on rocky outcrops in 
the Mkomazi Game Reserve, Tanzania (Coe et al. 1999). The aggressive flap- 
necked chameleon (Chamaeleo dilepis) is another likely inhabitant of baobabs of 
East and southern Africa (Bash 1989). 


3.2 Malagasy Species of Adansonia 


The Malagasy tree boa (Sanzinia madagascariensis) may occupy a hollow baobab. 
It is distributed throughout much of Madagascar, both on the ground and in the trees 
and shrubs. Kondo (1997) pictured within a hollow baobab what appears to be the 
ground-dwelling Malagasy ground boa (Acrantophis madagascariensis) of north- 
ern Madagascar. Doubtless many other reptiles shelter in baobab branches and 
hollows. 

Behind the coastal village of Anakao, south of Tuléar, during the baobab 
flowering season tortoises (Testudinae) come out in large numbers to feed on the 
fallen flowers; these reptiles are common in Madagascar and probably feed on the 
flowers of all baobab species where they occur (Lowe 2004, personal 
communication). 


3.3 Adansonia gregorii 


Goannas or monitor lizards (Varanidae), geckos (Gekkonidae) and small skinks 
(Scincidae) may reside in hollows in boabs. The green tree frog (Litoria coerulea) 
may also take up residence in a suitable hollow. These frogs are creatures of habit, 
returning to the same sleeping quarters each morning after their night’s hunting 
activities. They probably spend most of their wet season life in the tree, emerging 
from the cavity at dark to hunt insect prey among the branches, and return home 
each morning at first light. During the wet season there is enough water in a boab’s 
small hollows to meet a frog’s needs. Only after heavy rain, when it hears the urgent 
carolling of other frogs, will it leave the tree and answer the summons to amplexus 
in the brimming creek below (Lowe 1998). 
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4 Invertebrate Associations 


The nooks and crannies acquired by the trunk of an old baobab give shelter to 
numerous invertebrates. As a host the baobab has been greatly neglected and could 
be the subject of much fruitful entomological research. 

While there are relatively few reports on pests and diseases of the baobabs, the 
genus’s role as hosts for pests and diseases affecting agricultural crops is widely 
reported. Adansonia digitata, as host to various pests of cotton and vectors of cocoa 
viruses, has received particular attention from agricultural entomologists. It is, 
however, a victim of its own conspicuousness, sometimes being destroyed for its 
alleged responsibility especially for hosting cocoa virus vectors, whereas often the 
more numerous but less conspicuous members of the Bombacoideae, Malvoideae 
and Sterculioideae are the more commonly the host plants. 


41 Nematodes (Class Nematoda) 


A. digitata was suspected of having been the host of the harmful rootknot nema- 
tode (Meloidogyne spp.) and the reniform nematode (Rotylenchulus reniformis) 
following an infection of sweet potato (Ipomoea batatas) planted from cuttings, 
by definition nematode-free, on recently cleared land in Senegal. The sweet 
potato rhizosphere was found to contain roots from an isolated baobab growing 
12m from the plot, which were infected with the rootknot nematode. The baobab 
is believed to act as an important reservoir for these nematodes and it recom- 
mended that baobabs and other vegetation be examined for infection before any 
future intensive agricultural development takes place (Taylor et al. 1978; Van 
Grundy and Lue 1979). 

An aqueous extract of A. digitata leaves showed moderate nematocidal activity 
against M. incognita (Sharma and Trivedi 1995; Gupta and Tandon 2004). 


4.2 Spiders (Class Arachnida) 


The naturalist Saville-Kent (1897) provided a detailed description of the irregularly 
meshed web of a small brown spider (Theridium sp.) suspended in fissures in the 
gnarled trunks of A. gregorii (syn. A. rupestris), and feeding on an unidentified 
species of black ant. His description of the web led Bonnet (1939) to mistakenly 
apply Saville-Kent’s description of the tree (A. rupestris) to a new genus of spiders, 
Adansonia, with A. rupestris as the type species (Agnarsson 2000). See Chapter 12 
for further taxonomic discussion. 

The web of the fat-bodied orb-weaving spider (Araneidae) has been observed 
among the branches of Adansonia gregorii (Lowe 1998). 
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4.3 Centipedes (Class Chilopoda) 


Carnivorous centipedes may lie concealed beneath the bark of A. gregorii (Lowe 
1998). 


4.4 Insects (Class Insecta) 


In the Nuba Mountains of central Sudan colonies of the little-known web-spinners 
(Order Embioptera), which are related to termites, live concealed beneath a web 
spun over crevices in the trunks of A. digitata. The aptly named praying mantis 
(Mantidae) may also be found among its branches. Several common species of ter- 
mites (order Isoptera) are also present (Sweeney 1973). According to Maurunda 
and Bouda (2006), termites assist baobab germination by feeding on the seed’s 
testa, thereby permitting easier water uptake. Do they only eat the testa? Further 
investigation is required. 

In Madagascar Du Puy (1996b) noted that the pulp of the freshly fallen fruit of 
A. za rapidly becomes tasteless and is soon thoroughly mined by termites. The 
small seeds are also destroyed despite their tough seed coat, although complete 
destruction of the seeds may take over 2 years, during which period no other ani- 
mals appears to take any interest in the fruits. Gardner (1923) reported rather sur- 
prisingly that in Australia termites did not attack A. gregorii. 

Members of the Order Orthoptera, such as the long-horned grasshopper 
(Anepisceptus horridus) and the elegant grasshopper (Zonocereus variegarus), feed 
on the leaves of A. digitata and A. gregorii respectively. Families of crickets huddle 
in the cool shade of boab hollows (Sweeney 1973; Lowe 1998). Well-camouflaged 
stick insects (Order Phasmida) also feed on the leaves and nest in the baobab tree. 

Numerous bugs (Order Hemiptera) are associated with A. digitata. In the Sudan 
the baobab is considered to be an important alternative host of cotton-stainers such 
as Dysdercus fasciatus, D. nigrofasciatus and D. superstitiosus, although members 
from other related families are also implicated, including Odontopus exsanguinis, 
O. sexpunctatus, Oxycarenus albipennis and Neodysdercus intermedius. 

The most widely investigated species is Dysdercus fasciatus, since its life cycle 
evolves around the baobab and cotton, and it is a serious pest in the Nuba Mountains. 
The insect can fly a distance of several kilometres and, since it is subject to seasonal 
dispersal at the same time as the cotton is bolling, it finds the cotton crop a rich 
supply of food. The bugs feed on the seeds within the cotton bolls; they also act as 
vectors of the fungus, Nematospora spp. and various bacteria, causing internal boll- 
rot and staining the lint a bright yellow. 

The cotton stainer’s eggs are laid just below the soil surface and usually hatch in 
7 days. In about a month the insects become adult and start breeding. There is no 
resting period and breeding goes on throughout the year, the females laying large 
batches of eggs at intervals of 7—10 days for several months. During the rains the 
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numbers increase rapidly and large colonies of the insect, which is gregarious, 
gather in cracks and hollows in the bark of the baobab, producing a red colour over 
considerable areas of the trunk. The stainers will cluster, merely for shelter, on any 
plants growing either under baobabs or in cotton fields. 

The baobab flowers mainly during April and May, before the onset of the rains. 
Many fruits fall to the ground in September and, either from the fall or from termite 
attack, split open, exposing an abundance of seed, on the oil content of which the 
stainers feed. It is at this period that the breeding of the stainers is most rapid; and 
then follows the annual dispersal during which the cotton becomes infected. 
Breeding is noticeably retarded by the hot dry weather at the end of the cotton sea- 
son. When the cotton is cut out and burnt towards the end of March, the stainers 
resort to the baobab, where they feed on the leaves and, although numbers are 
greatly reduced by the rigours of the dry season, enough survive to ensure a rapid 
recovery at the start of the rains. 

In the Nuba Mountains control measures are likely to be most effective if the 
stainers are attacked when on their host trees. Since the baobabs are few in number 
and stand out as conspicuous landmarks in the countryside, the procedure formerly 
adopted was to locate all the baobabs within a radius of several kilometres of the 
cotton plantations, and destroy all the stainers on them. The first method was to use 
a blowlamp since the stainers cluster low down on the trunk, seldom above 3m. 
This method was too slow and was replaced by spraying with paraffin and igniting 
it. This proved to be very effective and was carried out twice a year, once in June— 
July at the onset of the rains, while the population was at a minimum following the 
dry season, and again in September, before the large-scale dispersal of the stainers 
and infestation of the cotton. 

For complete control the destruction of all baobab seeds would be necessary, but 
the cutting down of the trees was considered undesirable, due to their beauty and 
ethnobotanical importance. Pollarding stopped fruiting for 2 years at least and sub- 
sequent new growth could easily be removed at intervals. Nevertheless, pollarding 
was not widely practised except in the Tegali area of the Nuba Mountains where 
baobabs were especially numerous near the cotton fields. Dysdercus fasciatus and 
baobabs do not occur in the cotton-growing areas of southern Sudan, where 
D. superstitious replaces the stainer (Greene 1932; Crowther 1948). 

In Madagascar, red and black insects, probably D. flavidus, invade the fallen 
fruits of A. rubrostipa and A. za, attacking the dry pulp surrounding the seeds (Du 
Puy 1996a). 

The aptly named assassin-bug (Phomoctonus lutescens) feeds almost exclu- 
sively on stainer bugs present on the baobab, mimicking them to a surprising 
degree. Both the colours and the arrangement of the colours on the assassin-bug are 
similar in every way to those of the stainer bugs (Sweeney 1973). 

Various beetles (order Coleoptera, are associated with the baobabs. Flea beetles 
(Podagrica spp.) are a common cause of shot-hole damage to the leaves of agricul- 
tural crops. In the Sudan, for example, P. puncticollis can frequently cause severe 
local damage to young cotton; they also feed on baobab leaves (Bacon 1948; 
Sweeney 1973). In West Africa Adanson (1776) reported larvae of capricorn and 
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scarab beetles attacking baobab wood. The longhorn beetle (Analeptes trifasciata) 
has been reported to kill young baobab trees by attacking the stem at about 2m 
above ground level to produce a 30-60 cm wide girdle of wood in which to lay their 
eggs (Roberts 1961). A capricorn beetle (Cerambyx sp.) is also reported to damage 
the trunk (Diderot 1776). 

In Australia, the cotton harlequin bug (Tectocoris diophthalmus) is a minor, sap- 
sucking pest of cotton and Hibiscus spp. It has also been found on the boab, as has 
the related jewel beetle (Stigmodera rufolimbata). The enormous white, fat larvae 
of an unidentified scarab beetle (family Scarabaeidae) bury themselves in the sand 
at the base of the trunk. A narrow-bodied black beetle with brown antennae (family 
Staphylinidae?) appears to be at home on the trunks of A. gregorii; other beetles 
can be found in diseased wood beneath the bark. A nocturnal beetle, Ceresium 
minor, has been observed eating the pollen (Lowe 1998; 2004, personal communi- 
cation; Ross Storey 2004, personal communication). 

Butterflies and moths (Order Lepidoptera) associated with A. digitata can be 
serious agricultural pests. The caterpillars of the cotton bollworm (Heliothis 
armigera), which feed on baobab twigs, are also serious global pests of sorghum 
(Sorghum bicolor) and maize (Zea mays). In Africa, the cotton bollworm is one of 
the main causes of bud-shedding in cotton (Gossypium spp.) and various legumi- 
nous crops. In India, bollworms are pests of the pigeon pea (Cajanus cajan), chick 
pea (Cicer arietinum) and bulrush millet (Pennisetum glaucum). Both the Sudan or 
red bollworm (Diparopsis castanea) and spring bollworm (Earias biplaga) are 
serious pests of cotton in Africa, and the latter also in Asia; their caterpillars feed 
on the baobab. The caterpillars of the arrow or prisoner sphinx hawk moth 
(Lophostethus dumolini) eat baobab leaves and other members of the Malvaceae; 
an unidentified wood-boring moth (Salagena spp.) also feeds on baobab leaves 
(Bacon 1948; Purseglove 1985, 1987). In Australia, the rough bollworm (Earias 
huegeliana) is a pest of cotton; it and E. perhuegeli have also been found on 
A. gregorii and on members of the Malvaceae (Herbison-Evans and Britton 2003). 

In West Africa the ear borer (Mussidia nigrivenella) has frequently been 
reported as a pest of maize, cotton, beans (Phaseolus spp.), jack bean (Canavalia 
ensiformis), velvet bean (Mucuna pruriens) and stored cocoa. Alternative hosts 
include the fruits of A. digitata and Ximenia americana. Since these trees bear their 
fruits in the dry season, when most of the cultivated host plants are absent, it is 
suggested that they could become the focus of measures to control borer popula- 
tions (Sétamou et al. 2000). 

A. digitata is an alternative host for the cocoa capsids (Distantiella theobroma 
and Sahlbergella singularis), which are important pests of cocoa (Theobroma 
cacoa) in West Africa, where lesions caused during feeding become infected with 
the fungus Nectria rigiduscula (syn. Calonectria rigiduscula) and, where prevalent, 
the mealybug-transmitted cocoa swollen shoot virus (CSSV), both causing severe 
damage to the trees (Kranz et al. 1977; Purseglove 1987; Padi and Owusu 2006). 

The baobab is a minor host of the mango mealybug (Rastrococcus iceryoides), 
a pest of mango, cocoa, cotton, Albizia lebbek and A. saman (syn. Samanea saman) 
in Africa and tropical Asia (Sidibé and Williams 2002; Moore 2004). 
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In the Nuba Mountains, Sudan, Sweeney (1973) observed garishly coloured 
spiny larvae of a small green and brown moth (Earias sp.) living on baobab flow- 
ers. The mopane worm or masonja, the 5—7.6cm long larva of the emperor or 
mopane moth (Gonimbrasia berlina), has been observed feeding on baobab leaves 
in the Limpopo Province of South Africa, although it normally feeds on mopane 
(Colophospermum mopane) (Wickens 1982a; Bash 1989). The people of southern 
Africa consider the larvae a great delicacy. 

In Madagascar, large hawk moths of the family Sphingidae hover over the flow- 
ers of Adansonia as they feed on the nectar with their long proboscises and, by so 
doing, some may pollinate the flowers. They include Coelonia brevis, C. solanii, 
Nephele comma, Panogena jasminii and Xanthopan morgani. The flowers are an 
important source of nectar and may be visited by other members of the Lepidoptera 
(Baum 1995a; Ratsirarson and Silander 2003). 

In Australia clusters of bagmoth larvae (Psychidae) take advantage of safe cran- 
nies in the trunk of the boab, where they attach their cases and in their own good 
time transform themselves into moths (Lowe 1998). 

The carrion smell of A. digitata and other bat-pollinated flowers is known to be 
attractive members of the Diptera, especially bluebottles (Chrysomyia marginalis). 
Clouds of mosquitoes (family Culicidae) shelter from the heat in the cool shade of 
the baobabs and breed in the water stored in the hollows of the trunk (Sweeney 
1969; Roodt 1995; Lowe 1998). 

The Mediterranean fruit fly (Ceratitis capitata) is a widespread pest of fruit 
crops in the tropics. In Kenya Copeland et al. (2002) examined numerous native 
plant species, including a baobab, as potential hosts, which proved negative. 

Numerous ants, bees and wasps (Order Hymenoptera) are associated with the 
baobabs throughout their distribution. In Africa the baobab is home to several species 
of ants, which feed on the petiole’s extra-floral nectaries (Terracciano 1898). They 
include scurrying individuals of large, oval-eyed, reddish ants (Tetraponera spp.) with 
long thin bodies. Short, squat, flattened, black ants (Meranoplus magrettii) can be found 
crawling over the bark, while in wetter areas of the Nuba Mountains a pugnacious ant 
(Odontomachus sp.) often nests at or near the base of baobabs (Sweeney 1973). 

Wild African honey bees (Apis mellifera unicolor) are frequent inhabitants of 
hollows in the trunks of baobabs, as are the stingless bees (Hypotrigona, Melipona 
and Trigona spp.). The entrance tunnels to the bees’ nests appear as translucent wax 
tubes about 5cm long sticking out from the bark (Sweeney 1969; Owen 1974). 
Ants, bees and wasps drink from rain-filled hollows in the trunk and also take 
advantage of the minute opening of the sepals in the late afternoon before the flow- 
ers have fully opened, to enter the bud and steal pollen (Guy GL 1971; Guy RD 
1972; Jaeger 1961; Humphries 1982). 

Colonies of ants go about their business up and down the trunk and amongst the 
lower branches of A. gregorii, or make nests in the debris that builds up in crannies 
formed by the exposed upper surface of the roots. Sweat bees (Halictidae), benign, 
blunt stingless insects that resemble little flies and are attracted to sweaty skin, 
sometimes build their nests inside suitable cavities, revealing their presence by the 
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sound of their collective humming. They fashion fine pliable dark waxy tubes, 
through which they move between their nests and the world outside (Lowe 1998). 

Schnell (1952) described small, brown, irregularly shaped galls on the leaf sur- 
faces of A. digitata in Dakar, Senegal. The responsible insect is not known. 


5 Plant Associations 


Over time, the hollows and cavities in the trunk collect blown dust and debris, 
forming a rich soil in which air- or bird-borne seeds may germinate when condi- 
tions are moist, forming ephemeral miniature gardens. Once the season changes 
and the soil dries out, the seedlings usually die, but some will survive. 


5.1 Adansonia digitata 


Owen (1970) comments on the references by Lely (1925) and Dalziel (1937) to the 
close association of the baobab in northern Nigeria with tamarind (Tamarindus 
indica), which he suggests results from people eating tamarind fruits in the shade 
of the baobab. A similar explanation is given for the baobab-tamarind association 
in the West Indies; many of the remote baobabs on St. Croix, for example, are sites 
of former human habitation (Rashford 1997b). Birds are also a likely vector of 
tamarind propagation. 

The baobab is the main host for Tapinanthus malacophyllus, syn. Loranthus 
mechowi sensu Hiern, an endemic mistletoe of the Luanda region in north-western 
Angola. In the coastal regions of Kenya and Tanzania, and inland to northern 
Kenya, the baobab is an important host for Emelianthe panganensis subsp. 
panganensis. Also in eastern Africa, from Ethiopia to the Cape, it is a host for 
Eriothemum dregei. Other mistletoe species may parasitise the baobab but many 
collectors of mistletoes have failed to mention the hosts (Polhill and Wiens 1998). 

At least 200 firm, ovoid, grey-brown, scaly ‘fruit’ about 30-40 cm long, and with 
marked longitudinal ribs or convolutions, collected from the trunk of a fallen 
baobab in the Zambezi Valley, were originally identified as a harmful fungus 
encased in callus tissue (Saunders in Cashel 1995). Polhill (2000, personal com- 
munication) believes them to be mistletoe wood roses. Their descriptions certainly 
resemble the photograph of a wood rose formed by Erianthemum dregei in Polhill 
and Wiens (1998, photo. 7), which are the woody proliferation of the host tissue 
around the haustoria of the parasitic mistletoe. 

Parasitic figs (Ficus spp.) have also been observed on baobabs in the Sudan 
(Wickens 1982a) and elsewhere. A photograph in Adam (1962) shows a young oil 
palm (Elaeis guineensis) growing in a hollow trunk, 

In Jamaica, Rashford (1987) found a baobab in Kingstown covered with Spanish 
or Florida moss, known locally as old man's beard (Tillandsia usneoides). 
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5.2 Malagasy Species of Adansonia 


Kondo (1997) reported that bats feeding on Grewia fruits returned to their roost in 
a hollow baobab, where the evacuated seeds germinated in the dark. 


5.3 Adansonia gregorii 


The boab can be host to the mistletoe Dendrophthoe acacioides, whose usual hosts 
are species of Acacia and Grevillea (Lowe 1998). 

A gum (Eucalyptus sp.) adjacent to a boab and connected to it by а ‘haustorium’ 
from the gum, grows at the back of a roadhouse in Derby and is known as the ‘Love 
Tree’. The tree has been wrongly identified as a ghost gum (Е. papuana); its distri- 
bution is restricted to Papua and possibly Queensland and Northern Territory 
(Brooker 2004, personal communication). 

The conkerberry (Carissa lanceolata) and crab’s eye bean (Abrus pectorius) 
often favour the shade of the boab and, when in flower, attract a variety of butter- 
flies, dragonflies and damselflies (Lowe 1998). 


6 Fungal Associates 


Surprisingly few observations have been made of fungi, especially on dead or rot- 
ting wood. The macrofungi found on the dead wood of A. digitata are Daldinia 
concertrica (King Alfred’s cakes), the bracket fungi Coriolopsis strumosa (syn. 
Polystictus luteo-olivaceus) and Trametes socrotrana (Saccardo 1898). Cheesman 
(1909) reported an undetermined Volvariella, syn. Volvaria sp. from a fallen baobab 
branch at the Victoria Falls. This may be the same edible saprophytic Volvariella 
sp. reported by Sharp (1993) on fallen baobabs. 

In Madagascar, the paddy straw fungus (Volvariella volvacea syn. Volvaria 
volvacea) and V. esculenta syn. Volvaria esculenta occur on decaying trunks of 
dead A. grandidieri, A. rubrostipa and A. za, and on plant industrial waste. These 
edible fungi are much sought after by the Sakalava and Vazaha; they are also culti- 
vated on rice straw and sold in the local markets. In recent years, water-logging has 
caused the death of many baobabs in the Morondava area and resulted in an 
increase in production of the fungus. Lentinus sp. has also been collected from a 
stump of A. rubrostipa (Bouriquet 1941, 1970; Cabanis et al. 1970; Baum 1995b, 
Kondo 1997; Goodman 2004, personal communication). 

The ‘bulbs’ reputed to occur at the root tips of A. digitata in southern Africa are 
said to be of fungal origin; they are harvested, dried, ground and used to make gruel 
(Cashel, 1995). The identity of these fungi requires further investigation. 

Adanson (1776) reported that damage to the root quickly affects the trunk and 
the tree dies. This is presumably a fungal infection. Mildew also infects the trunk 
and softens the wood so that strong winds break the trunk. 
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Fasola and Egunyomi (2005) reported Aspergillus niger and Neurospora crassa 
on baobab bark stored in the Bode herbal market in Ibadan; the latter fungus has 
been extensively studied for its developmental aspects and genetics. 

A leaf spot has been reported in the Sudan caused by Phyllosticta sp. (Tarr, 
1955). In Tanzania, a powdery mildew from Leveillula taurica has been reported 
(Wallace and Wallace 1944; Ebbels and Allen 1979). This fungus has a wide host 
range and is an important powdery mildew of red pepper (Capsicum annuum 
Grossum Group), globe artichoke (Cynara scolymus), tomato (Lycopersicon 
esculentum) and aubergine or egg plant (Solanum melongena) (Kranz et al. 1977; 
Holliday 1992). 

The deaths of an unusually high number of baobabs have been reported from 
southern Africa during the past two decades. Typical symptoms include dieback 
and death of branches. As the disease advances entire branches die and large, 
sunken areas are observed in the trunk at the base of the dead and dying branches, 
accompanied by the exudation of copious amounts of sap. Death of the trees could 
occur only a few months after they become infected. The cause of death is unclear 
although Lasiodiplodia theobromae and drought are believed to be involved 
(Anonymous 1991; Piearce et al. 1994; Roux 2002; Black 2004; Moodie 2004). 

During his (unpublished) investigations of the Big Tree at the Victoria Falls in 
1946, JCF Hopkins, a former Senior Plant Pathologist in the Department of 
Agriculture of what was then Southern Rhodesia, reported finding Fusarium sp. 
and Lasiodiplodia theobromae (teleomorph Botryosphaeria rhodina, syn. 
Botryodiplodia rhodina and Diplodia natalensis), in the dried-out bark tissues of 
sooty branches, which he believed might be contaminants (Piearce 2000, personal 
communication); Lasiodiplodia theobromae is also recorded from the Skelmwater 
baobab reserve in South Africa (Roux 2002). Masuka (1996) considered Kabatiella 
(syn. Aureobasidium) and Botryodiplodia species as superficial bark inhabitants in 
Zimbabwe. 

Guy (1971) and Caplan (1995) reported an unidentified baobab infection in 
Zimbabwe and South Africa associated with bark wrinkling, the exudation of a 
reddish gum, the development of white ‘pock-marks’ followed by a flow of a 
whitish sap, leaving reddish scars. 

A sooty mould fungus, Antennulariella sp., has recently been identified in 
Zimbabwe. The infection begins with what appear to be the symptoms described 
by Guy (1971) and Caplan (1995); the eruption of numerous reddish-brown, corky 
and superficially waxy, wart-like growths, which eventually become colonised by 
the sooty mould fungus. The fungus can result in a dramatic, albeit superficial, 
blackening of the baobab trunk and branches, the degree of blackening varying 
considerably between trees. It was first noticed in 1944 infesting some of the 
baobabs at the Victoria Falls. Mullin (1991) speculated that such an infestation in 
the distant past may have given rise to the name mbudhema for the famous 'black 
baobab of Tshitashawa' (see Chapter 3). In 1990 the fungus was also reported in 
South Africa following almost a decade of drought. 

The disease is episodic and poorly understood. It appears to be a secondary 
infection associated with drought stress due to climatic change and aggravated by 
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further depletion in soil water resulting from human activities. The mould itself is 
not considered to be lethal, although there have been an increasing number of 
reports of deaths among infected trees in recent years. The economic importance of 
the baobab may not be great enough to attract sufficient funds to tackle the problem 
of baobab diseases (Anonymous 1991, Mullin 1991; Sharp 1993; Piearce et al. 
1994; Caplan 1995; Black 2004; Moodie 2004). 


7 Virus Associations 


Adansonia digitata is an alternative host of the cacao swollen shoot badnavirus 
(CSSV), formerly known as cacao mottle leaf virus (CMLV), a devastating and 
ultimately lethal disease of cocoa plantations. In West Africa all members of the 
Bombacoideae and Sterculioideae are alternative hosts of CSSV. 

The baobab is also the host of various mealybug members of the Pseudococ- 
coidae, alternative hosts of CSSV. In West Africa these include Plenococcus spp., 
Dysmicoccus brevipes, Ferrisia virgata, Pseudococcus longispinus (long-tailed 
mealybug) and P. njalensis (cocoa mealybug), the vectors chiefly held responsible 
for the transmission of CSSV; P. njalensis has transmitted virtually every West 
African isolate of cocoa virus known to have mealybug vectors. Attendant ants, 
particularly Crematogaster striatula, distribute the mealybugs. A. digitata is also a 
minor host of the mango mealybug (Rastrococcus iceryoides) (Attafuah and 
Tinsley 1958; Deighton and Tinsley 1958; Tinsley and Wharton 1958; Kranz et al. 
1970; Roivainen 1980; Purseglove 1987). 

The baobab only occurs in the rain forests of Ghana as cultivated trees in or near 
villages. It is unlikely that the original outbreak of CSSV could have come from 
these baobabs because those found within the forest where cocoa farms occur were 
not infected, while those found elsewhere in the forest were. Although the baobab 
is not common in native cocoa farms, coppiced stumps, on which regenerating 
shoots are likely to be repeatedly cut back by farmers, could act as a source of the 
virus. In general, the natural habitat of the baobab is too dry and far away for 
baobab parasites to affect cocoa plantations. 

When infected, seedling baobabs are severely stunted and develop conspicuous 
leaf symptoms that persist in successive growth flushes. The symptoms include 
yellow blotches on the leaves or scattered blotches or clearing and banding of the 
veins, smaller leaves, and chlorosis (Posnette et al. 1950; Attafuah and Tinsley 
1958; Legg and Bonney 1967; Brunt et al. 1996). 

In Sierra Leone, A. digitata is a susceptible host of the Cacao yellow mosaic 
tymovirus (CYMV), in both Ivory Coast and Nigeria of the Okra mosaic tymovirus 
(OkMV), which is transmitted by chrysomelid beetles (Podagrica spp.), and in East 
Africa of the Cassava brown streak-associated (?) cariavirus (CBSaV), where white 
flies (Bemisia tabaci) are the vectors; the baobab is not susceptible to Clitoria 
yellow vein virus or Hibiscus latent ringspot virus (Brunt et al. 1996). 


Chapter 10 
Conservation 


The baobabs are noted for their longevity but are they under threat? 


1 Why Conserve Baobabs? 


Within an ecosystem there are numerous biological interactions between different 
members of the flora and fauna, weaving a complex web of interrelationships upon 
which the overall stability of the ecosystem is believed to partly depend. No species 
survives in isolation; each plays a part within an intricate mesh of organisms. Those 
organisms that were entirely dependent on a species that is now lost will also 
become extinct and, since nature abhors a vacuum, others will fill their place. The 
balance among the remaining organisms will be adjusted to meet the change. Our 
present state of knowledge of the interdependency of organisms and their roles 
within an ecosystem is minimal. We therefore destroy a species at our peril 
(Wickens 2001). 

In his ‘keystone mutualism’ concept, Gilbert (1980) stresses the importance of 
some organisms in stabilising a given ecosystem. Thus, if an individual organism 
is the only available source of a particular resource upon which other organisms 
rely, the extinction of that source could have a destabilising effect throughout the 
ecosystem. Keystone plant species can be defined as those species that provide 
essential resources, such as food or shelter, for a guild of animals in return for 
which the guild of animals provides an essential service, or mobile links, such as 
pollination or diaspore dispersal. For example, the baobabs play an important bio- 
logical role in the conservation of ecosystems of which lemurs, sunbirds and hawk 
moths are important constituents (Baum 1996). 

Extinct sloth lemurs Archaeolemur spp. and elephant birds (Aepyornis spp.) may 
have been capable of breaking open baobab fruits, and could have been responsible 
for the dispersal of at least some baobab seeds in Madagascar. It follows that 
baobabs should be protected along with the habitat in which they occur and not 
simply as individual trees, although a few famous baobabs attain the state of 
national monuments and are conserved as such. As Lucas (1968) has pointed out, 
while the conservation of plant associations or even individual species may be 
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proposed on purely aesthetic, scientific, historic or other grounds, the best chance 
of long-term protection will be for species that are commercially attractive in their 
own right or become a tourist attraction. 

The protection that can be offered and maintained by a government agency, 
whether for a habitat or for a species, is subject to a combination of political and 
economic constraints. Internal strife now besets most African countries and there is 
a demand for more land to feed an ever-increasing population throughout the 
African continent and Madagascar. Poor management of the vegetation, livestock 
and soil is an increasing problem as countries become poorer. Twenty years ago the 
conservation of A. digitata was not in doubt (Wickens 1982a). Now, climatic 
change and its likely effect on vegetation must be allowed for. 


2 Baobab Conservation in Africa 


The baobab is widely distributed throughout much of sub-Saharan Africa and, 
although conspicuous, it is never a major constituent of a vegetation community. 
It is currently threatened by climatic change and, especially in the drier areas, from 
desertification. Until now the baobab has survived in these drier areas as a relic of 
more humid climates, forming an ‘island ecosystem’ in an otherwise hostile climate. 
Natural regeneration of the baobab elsewhere in Africa has never been quantified 
but appears to be extremely low. Fortunately, because of its longevity, only a low 
recruitment is necessary to maintain existing populations. Since regeneration 
appears to be confined to the higher rainfall areas, the distribution range is slowly 
and inevitably contracting. Despite the retreat of the baobab from the drier regions 
of Africa it is not yet considered to be an endangered species and is certainly not 
mentioned by Golding (2002) as being threatened in southern Africa. Nevertheless, 
there are threats to local populations. 

It is widely reported that in a number of game reserves elephants are destroy- 
ing baobabs. This is a result of the unnatural confinement and concentration of 
elephants within such reserves and is discussed at greater length in Chapter 9. 
Attempts have also been made to exploit the baobab commercially for the manu- 
facture of wrapping and writing paper (see Chapter 6). Fortunately these have so 
far failed due to the cost of extracting moisture from the wood. In view of the 
poor recruitment and scattered distribution of the baobab, such a use of the tree 
must be actively discouraged. There have also been a number of ill-advised 
attempts to protect cotton and cocoa crops from pests and diseases by eliminating 
the baobab host. These have proved ineffective due to the presence of other 
and often more numerous but less conspicuous hosts within the Malvaceae (see 
Chapter 9). 

Land clearances for dams, mechanised farming and mining threaten both the 
baobab and the habitat in which it occurs. Some magnificent specimens of baobab 
have been sacrificed in western Nigeria for agricultural development; 5,500 km? of 
land was cleared for Lake Kariba in the 1950s; a dam has been proposed at Epupa 
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Falls on the Cunene River in Namibia, a unique rock habitat and biodiversity hot 
spot; splendid groves of baobabs in southern Togo have been destroyed to facilitate 
phosphate mining, and in South Africa to allow diamond mining along the Limpopo 
River between Messina and the Kruger National Park (Owen 1974; Koch 1995; van 
Niekerk 1995a). 

Land clearances for small-scale farming usually pose less of a problem because 
local communities value the tree economically (see Chapters 4—6) and respect its 
spirits and other traditional associations (see Chapter 3). In some areas baobabs are 
so highly valued that people plant them around their settlements. 

The flora and fauna of the fles des Madeleines, a group of islands off Dakar, 
have been protected since 1949, and in 1976 the Йе was declared a Parc National. 
Only 17ha in extent, the small grassy Ile des Madeleine or fle aux Serpents, supports 
a small population of stunted wind-swept baobabs protected by a fold in the cliffs 
(Adam 1968). There are no reserves in the Cape Verde Archipelago although some 
protection is offered on SáoTiago (Santiago) to a small wood containing baobabs 
near Praia (Grandvaux Barbosa 19682). 

The ‘W’ National Park in Niger was established in 1954 and since 1996 has 
become a Natural World Heritage Site. It takes its name from the double bend of 
the Niger River. The vegetation consists of grassland and degraded woodland, the 
baobab being one of the important trees utilised by migrant cattle-owning Fulani. 

The 20,808 km? of Acacia-Commiphora bushland of the Tsavo National Park, 
the largest Park in Kenya, suffers from overgrazing and browsing, much to the 
detriment of the tree species, especially A. digitata, which is a scattered but repre- 
sentative species of that vegetation type throughout East Africa (Lucas 1968). 

Lying along the Kenya border adjacent to the Tsavo National Park, the Mkomazi 
Game Reserve (embracing the former Ruvu Game Reserve) in Tanzania was 
established in 1951 and now occupies some 3,276 кт. The baobab is an occasional 
constituent of the Acacia-Commiphora bushland. It is also present on the inselbergs, 
where it is widely distributed. It is especially common on the upper reaches of hill 
slopes where ground water is available for long periods (Coe et al. 1999). 

The Selous Game Reserve in Tanzania is the largest in Africa. It was named in 
honour of the naturalist, professional hunter and scout with the British army in the 
former German East Africa during World War I, Captain Frederick Courteney 
Selous (1851—1917). From small beginnings in 1912 as the Mahenge Game 
Reserve, it has expanded to some 45,000 km*?. Lying mainly at altitudes between 
around 50 and 500m, it includes a wide range of vegetation types from grassland 
to forest and thicket, and contains some 3,065 plant taxa, including the baobab 
(Vollesen 1980). Also in Tanzania, the Acacia woodlands within the 13,000 kn? 
Serengeti National Park and the Acacia-Commiphora bushland within the 6,500 km? 
Ruaha National Park also contain baobabs (Polhill 1968). 

Within Zimbabwe the sparsely scattered baobabs on the granite ridges within the 
9,973 ha? of the Ngesi National Park and the 1,019ha? Van Niekerk and Nyokwe 
Ruins at Inyanga are protected (Wild 19682). 

In Botswana a number of baobabs are registered as national monuments, 
although some have yet to be gazetted. The national monuments are the Mahalapye 
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Table 24 Conservation areas in Angola containing Adansonia digitata. (From Teixeira 1968.) 


Title Area (ha) Vegetation communities with baobabs 


Quicaina National Park 910,000 Adansonia digitata—Sterculia 
setigera—Euphorbia conspicua 
savanna woodland 

Mupa National Integral Reserve 974,000 Adansonia digitata—Sterculia 
quinqueloba—Acacia erioloba 
(A. giraffae)-Hyphaene petersiana 
(H. ventricosa)-Terminalia prunioides 
savanna 

Golungo Alto Forest Reserve 105,000 Adansonia digitata—Sterculia 
setigera—Cochlospermum angolense 
savanna 


Baobab at Mahalapye, Tabengwa and Mwankgama Baobabs at Mosu, Baines's 
Baobab at the Makgadikgadi Salt Pan, Green's Baobab at Gweta and the Kasane 
Cell Baobab at Kasane. 

There are three National Parks, two Nature Reserves and 41 Forest Reserves in 
Angola (Table 24). The baobab is recorded as present in three of these conservation 
areas (Teixeira 1968). 

The baobab is a characteristic species of the woodland savannas of the Limpopo 
Province of South Africa, where individual trees are protected under the Forestry 
Act of 1941; itis the only tree in South Africa to be given universal state protection. 
This was because, during the shortage of imported paper during World War II, 
paper manufacturers wanted the trees. Baobab trees on farms Berkenrode, Messina, 
Prinzenhage, Singelele, Stockford, Toynton and Vogelenzang, south of Messina, 
were declared national monuments (Oberholster 1972; Mayne 2005, personal 
communication). 

In 1928 the area became the Baobab Tree Reserve; in 1976 it was proclaimed 
the Messina Nature Reserve. Today it is managed by the Nature Conservation 
Division of Limpopo Province. In 1931 the Forestry Department established a 
sample plot at Skelmwater, 20km south of Messina, to study the growth of the 
baobab (see Chapter 8 for details). This was the world's only study site dedicated 
to the baobab but the site is no longer maintained (Killick 1968; Guy 1971; Palmer 
and Pitman 1972; Esterhuyse et al. 2001; Mayne 2005, personal communication). 

The baobab is a characteristic associate of mopane (Colophospermum mopane) 
woodland on shallow soils in the north-eastern region of the 19,011 km? Kruger 
National Park (Brynard 1964). Here, according to the South African Red Data 
Book (Brooke 1982), baobabs are the exclusive roosting and nesting sites for the 
rare and endangered mottled spinetail (Telacanthura ussheri stictilaema), a bird 
whose own survival is dependent on that of the baobab (see Chapter 9 for further 
information). 

The National Botanical Research Institute of Namibia has recorded the coordi- 
nates of every baobab (and other tree species) in Namibia (Curtis and Mannheimer 
2005). This offers excellent possibilities for establishing future baobab-monitoring 
studies within the country. 
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The baobab is a protected species in Sri Lanka; 34 of about 40 extant baobabs 
are on Mannar Island, their survival being largely due to their zero-cost conservation 
status. However, a future threat to the Mannar baobabs could come from a population 
increase caused by the resettlement of refugees, the spread of settled agriculture 
and overambitious tourism (Vandercone et al. 2004). 

Baobabs are designated exceptional trees in the Register of exceptional trees 
under Article 41 of the Revised Ordinances of Honolulu (1990) 


3 Conservation of Malagasy Baobabs 


Madagascar is a hotspot of biodiversity, and its flora and fauna contain the world's 
largest number, 2,046, of threatened species (Hilton-Taylor 2000). The flora com- 
prises at least 9,345 species, possibly 10,000 or more, of vascular plants, of which 
about 8146 are endemic (Phillipson 1994). The flora is predominantly woody, with 
490 indigenous tree genera and 4,220 species, of which 96% are endemic. The 
number of herbaceous species is low relative to the numbers in Africa (Schatz 
2001). Adansonia, with six endemic species, is the sole representative of the 
Bombacoideae. 

During the last 2,000 years man has devastated the unique natural flora and 
fauna of the formerly uninhabited island of Madagascar. During the past century 
this destruction has intensified following a population explosion, accompanied by 
overgrazing, fire and widespread land clearances for agriculture. Unfortunately 
there are no clear signs deforestation is now under control (Burney 2003). 

The south-western spiny desert, with its unique succulent flora rich in endemics, 
is also the domain of Adansonia rubrostipa and A. za. The vegetation is too sparse 
to burn, but herds of zebu cattle (Bos taurus) and goats (Capra hircus) gnaw the 
bark of baobabs. Also, where there are roads, the spiny desert is being felled for 
charcoal and timber (Jolly and Jolly 1984; Rabesandratana 1984). There is a general 
lack of baobab population recruitment, which may be attributable to a number of 
factors. These include the loss of fruit-eating and seed dispersal agents, increased 
predation by a growing wild pig population, excessive harvesting of fruit for human 
consumption, and stresses arising from changes in present land use (Du Puy 
1996b). The combination of these activities must have a severe adverse affect on 
natural regeneration, even though only a very low recruitment is required to main- 
tain a tree with a life expectancy of 1,000 years or more. It is essential that the 
present populations be maintained in order to conserve adequate genetic variation 
for the future. 

In Madagascar, environmental protection dates from the former Hova Kingdom, 
where the ‘Code of 305 Articles’ of 1881 ordained that those who cut down the for- 
ests should be placed in irons. Needless to say, the law was barely respected beyond 
the area under the influence of the capital. Pressure to conserve Madagascar's 
unique flora and fauna led to the founding of the first ten Strict Nature Reserves 
(Réserves Naturelles Intégrales de Madagascar) in 1927; two more were later added 
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and one de-gazetted for commercial exploitation. The reserves were created to pro- 
tect representative ecosystems, with access limited to authorised scientific research- 
ers. There are also two National Parks, founded to protect representative ecosystems 
and sites of natural beauty; these are open to the public through the issue of permits. 
The Parc National du Montagne d' Ambre is of particular interest since it is where 
A. perrieri is to be found. Twenty-three Special Reserves (Réserves Spéciales) were 
created to protect biotypes not found within the Strict Nature Reserves, or threat- 
ened species. Access to these sites may be granted for authorised scientific research 
and traditional rights of exploitation of selected living resources. In addition there 
are more than 30 forestry stations working on reforestation schemes, arboretums 
and private reserves, such as Betioky. Not only is Malagasy biodiversity not fully 
represented by these various conservation schemes, all the existing protected areas 
are threatened by fire, illegal grazing, poaching, forest clearances for short-term 
cultivation and inadequate funding and training of staff (Andriamampianina 1984; 
Nicoll and Langrand 1989). The established reserves and protected sites containing 
Adansonia are shown in Table 25. 

Surprisingly, A. perrieri is not mentioned by Nicoll and Langrand (1989), 
despite it being the most endangered of the Madagascan baobabs. Baum (1995b) 
recorded its presence within the Parc National du Montagne 4 Ambre complex in 
the Réserve Spéciale de la Forét d' Ambre. 

The only species not protected by reserves is A. suarezensis. Its limited distribution 
and small population are a cause for concern. 

Andriafidison et al. (2006) suggested that baobabs (and bats) should be candidate 
"flagship species' for the threatened dry forests of Madagascar. 


3.1 Adansonia grandidieri 


Local people heavily exploit the fruits of A. grandidieri for the oil content, so that 
very few fruits remain on the tree to fall naturally. Birds and wild animals eat any 
remaining seeds, thereby seriously threatening the natural regeneration. Regular 
burning of the undergrowth to stimulate new growth for grazing kills a few mature 
trees each year, while the near-sacred zebu cattle promptly eat the few young trees 
that do survive (Perrier de la Báthie 1924; Bond 2002). 

The best surviving populations of A. grandidieri are in the vicinity of Morombe, 
particularly between the Mangoky River and Lac Ihotry, where they are the domi- 
nant trees in relatively undisturbed dry deciduous forest. However, the baobabs 
growing close to Morondava and other places of habitation are threatened by forest 
clearance for agriculture and grazing. Mature trees are left standing, presumably 
because of their cultural importance and the value of the fruit, bark and wood. 
There are no signs of any recruitment in these open habitats. Furthermore, within 
the last 5 years Morondava has become a prosperous rice-growing centre, the local 
farmers tapping the canal originally built in 1964 for a Chinese sugar project (Plate 
23). The resulting changes in the level of the water table and in water quality have 
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Table 25 Protected areas and sites of biological interest in Madagascar containing Adansonia. 
(From Baum 1996; Nicoll and Langrand 1989; Dorr 1997; Garbutt 1999.) 


Species 


A. digitata 


A. grandidieri 


A. rubrostipa 


A. rubrostipa, A. za 

and 

A. madagascariensis 
A. rubrostipa and A. za 


A. perrieri 


A. perrieri and 
A. madagascariensis 
A. madagascariensis 
and A. za 
A. za 


Reserve 

Site d'intérét 
biologique du 
Lac Kinkony 

Réserve Spéciale 
d'Andranomena 

Site d'intérét 
biologique du Lac 
Ihotry 

Réserve naturelle 
intégrale de 
Namoroka 

Site d'intérét 
biologique du Nord 
de Toliara 

Forét du Kirindy 


Réserve naturelle 
intégrale de 
Tsimanampetsotsa 

Site d'intérét 
biologique d' Analabe 

Site d'intérét 
biologique d' Hatokaliotsy 

Reserve Spéciale de 
la Forét d'Ambre 

Réserve Spéciale 
d'Ankarana 

Site d'intérét 
biologique de Zombitse! 

Réserve naturelle 
intégrale 
d'Andohahela? 

Site d'intérét 
biologique du 
Lac Anony 

Site d'intérét 
biologique de la forét 
de Tsimembo et des 
Lacs Bemamba, 
Masama et Befotaka 

Réserve du Berenty 
(private reserve) 


Vegetation type, area and 
altitudinal range 


Dry deciduous forest; 
15,000ha; 8-100m 


Dry deciduous forest; 
6,420 ha; 0-57 m 

Dry deciduous forest; 
11,200 ha; 50m 


Dry deciduous forest; 
21,742ha; 71-227m 


Deciduous thicket; 
12,500ha; 0-131 m 


Dry deciduous forest; 
around 10,000ha; 18-40m 


Deciduous thicket; 
43,200ha; 38-114m 


Dry deciduous forest; 
12,000ha; 0-100m 
Deciduous thicket; 
21,850ha; 55-258m 
Dry deciduous forest; 
18,200ha; 417-1,143m 
Dry deciduous forest; 
18,225 ha; 50-409 m 
Dry deciduous forest; 
21,500ha; 485-824 m 
Moist montane forest and 
deciduous thicket; 
76,020 ha; 120-1,006 m 
Deciduous thicket; 
2,350ha; 100m 


Dry deciduous forest; 
500,000 ha; 0-280 т 


Deciduous thicket; 
25ha; 50m 


!proposed Parc National; ?proposed division into two Parcs Nationaux, 12,920ha of deciduous 
thicket and 63,100 ha of moist montane forest 
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now resulted in the death of many baobabs (Nicol and Langrand 1989; Baum 1996; 
Lowe 2003, personal communication; Goodman 2004, personal communication). 

A. grandidieri was classified as ‘Vulnerable’ according to IUCN (1994) criteria 
by Du Puy (1996b); listed as “Endangered (EN)’ in the 1997 IUCN Red List of 
Threatened Plants (Walter and Gillett 1998) and 'EN Alc + 2c’ in the 2000 IUCN 
Red List of Threatened Species (Hilton-Taylor 2000). 

EN is defined as a taxon ‘facing a very high risk of extinction in the wild in 
the near future’, Alc is defined as ‘with a decline in area of occupancy, extent of 
occurrence and/or quality of habitat’, and 2c as having a ‘reduction of at least 
50%, projected or suspected to be met within the next 10 years’ (Walter and 
Gillett 1996). 


3.2 Adansonia suarezensis 


The only locality where healthy regeneration of A. suarezensis occurs is in the 
Mahory Forest but even here the species is under threat from a rapidly growing 
mining town nearby. All localities are being fast degraded by deforestation for 
firewood and charcoal; so much so that this baobab species is considered to be most 
in danger of extinction (Baum 1996). 

The status of A. suarezensis should be regarded as ‘Critical’ according to IUCN 
(1994) criteria (Du Puy 1996b); it is classified as ‘EN’ by Walter and Gillett (1998) 
and ‘EN B1 + 2c’ in Hilton-Taylor (2000). B1 is defined as ‘Extent of occurrence 
estimated to be less than 5000 km? or area of occupancy estimated to be less than 
500 кт?”, and 2c means ‘Continuing decline’ (Walter and Gillett 1998). 


3.3 Adansonia rubrostipa 


A. rubrostipa plays an important role in providing resources for humans, lemurs, 
insects and other animals. However, it is being exploited in the dune thickets north 
of Toliara for hut construction and rope making. Trees are felled to encourage edible 
fungi to grow on the decomposing wood. The clearing of land to the north of 
Toliara and around several other population centres, for charcoal production and 
pasture for cattle, will, in the long term, have a detrimental effect on the baobab 
populations. This is a widespread species and not yet in immediate danger of 
extinction (Nicoll and Langrand 1989; Baum 1996). 

Due to the effects of human activities on its habitat, A. rubrostipa should be 
regarded as ‘Susceptible’ (Du Puy 1996b); it is classified as ‘Lower Risk — Near 
Threatened’, i.e. (LR-nt) in Walter and Gillett (1998) and ‘LR/nt’ in Hilton-Taylor 
(2000). ‘LR’ is defined as a taxon that ‘does not satisfy the criteria for any of the 
categories Critically endangered, Endangered or Vulnerable’; nt refer to “Taxa 


3 Conservation of Malagasy Baobabs 235 


which do not qualify for Conservation-Dependent, but are close to qualifying for 
Vulnerable’. Conservation-Dependent taxa are ‘the focus of a continuing taxon- 
specific or habitat-specific conservation programme targeted towards the taxon in 
question' (Walter and Gillett 1998). 


3.4 Adansonia perrieri 


Since only one of the four known populations of A. perrieri consists of more that a 
few individuals, A. perrieri is a highly endangered species. Not only is there the 
threat from forest clearances for the cultivation of rice and, to a lesser extent, coffee, 
natural regeneration is also endangered by introduced rats (Rattus rattus), which 
are highly destructive to baobab seeds (Baum 1996; Garbutt 1999). 

Because of its limited distribution, A. perrieri should be regarded as ‘Susceptible’ 
(Du Puy 1996b); classified as ‘EN’ in Walter and Gillett (1998) and ‘EN B1 + 2c’ 
in Hilton-Taylor (2000). 


3.5 Adansonia madagascariensis 


A. madagascariensis is a widespread species under no immediate risk of extinction. 
However, several local populations are threatened by human activities, such as 
clearing of the deciduous forests of the Montagne de Frangais for charcoal produc- 
tion and cattle grazing (Baum 1996). 

Under the revised IUCN status ratings A. madagascariensis should be regarded 
as ‘Susceptible’ (Du Puy 1996b). Classified as LR-nt in Walter and Gillett (1998) 
and LR/nt in Hilton-Taylor (2000). 


3.6 Adansonia za 


A. za is a widespread species, in no danger of extinction, although several local 
populations are affected by human activities. For example, the baobabs in the 
Manongarivo and Sambirano regions are threatened by forest clearances for 
agriculture. Slash and burn maize cultivation is a threat to the baobabs in the north- 
ern Mikea forest, while the Sakaraha forest population is in danger from annual 
burnings. Cattle owners often fell A. za for their zebu cattle in times of drought; 
after felling, the bark is peeled off to enable the cattle to feed on the water-saturated 
fibre (Miége 1974; Baum 1996; Fletcher 1994; Seddon et al. 2000). Langrand and 
Goodman (1997) recommended that a comparative study should be made on the 
regeneration of A. za in the dry forest, secondary forest and savanna regions. 
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According to IUCN (1994) criteria, A. za should be regarded as ‘Susceptible’, 
due to the effects of human activities on the habitat (Du Puy 1996b); classified as 
‘Rare’, i.e. either ‘Endangered’ or ‘Vulnerable’, but at risk, in Walter and Gillett 
(1998) and ‘LR/nt’ in Hilton-Taylor (2000). 


4 Boab Conservation in Australia 


Legislation for conserving Australia’s flora is summarised by Cresswell (1999). In 
Western Australia current legislation requires seed collectors to obtain a permit to 
collect wild seed, and only one third of the seed from any given tree may be 
collected. Thus, if the commercial production of A. gregorii roots is to develop 
further, an on-farm seed source will have to be established (Johnson et al. 2002). 

Max Clarke, a long-time resident of Derby, tells of a former thriving export 
industry in boabs. Adult trees, their roots and branches severely lopped, were 
trucked to the Derby wharf and shipped to foreign destinations. Nowadays the trees 
are protected from such exploitation, and during the 1980s there was an outcry 
when the Logue River grove near Derby was plundered of its trees to line the streets 
of Broome (Lowe 1998). 

Economic considerations often outweigh those of habitat conservation, but it is 
sometimes possible to marry the two. Rehabilitation following diamond mining in 
Beefwood Creek, 90km south of Kununurra, entailed conservation landscaping and 
planting with some of the original tree species, including the boab, bauhinia 
(Lysiphylum cunninghamii) and wild plum (Terminalia platyphylla) (Anonymous 
2001). 

Lying between Osmond Creek and the Ord River, the Purnululu (Bungle 
Bungle) National Park was first proclaimed a National Reserve in 1987 and later a 
National Park. It covers 289,000ha of the Bungle Bungle Range (Fox 2000). The 
boab is restricted to a few stream levees near the Bungle Bungle Outcamp within 
the Park, and near the Winnama Gorge just to the north. The latter is considered 
‘a restricted, sensitive and extremely vulnerable site requiring considerate future 
management’ (Forbes and Kenneally 1986). 

In Northern Territory a boab planted in Darwin in the late 1880s was gazetted 
and placed on the Heritage Register in 1994; Gregory’s Tree, near Timber Creek, 
on the banks of the Victoria River, was also gazetted and placed on the Heritage 
Register in 1995 (Northern Territory Government (2000a, b). Gregory National 
Park was declared in 1990 and occupies 12,882 km? within the world’s largest cattle 
station on the Victoria River (Fox 2000). 


Chapter 11 
Cultivation 


People often think that baobabs are unsuitable trees for cultivation because of their 
slow growth. Nevertheless they do get planted, but not as widely as they deserve. 
For example, Sidibé et al. (1996) reported that villagers in Burkina Faso often 
planted baobabs along their field boundaries. Indeed, they planted 4,433 baobabs 
from nurseries funded by Tree Aid in 2003 (Ouedraogo 2004). Young trees grafted 
from elite trees with desirable characteristics develop faster than trees grown from 
seed. There are good possibilities for their future vegetative cultivation and the 
commercialisation of their products. 

Baobabs are also cultivated in botanic gardens in both tropical and temperate 
countries. Three specimens of A. digitata, two of A. rubrostipa and one A. za are 
growing in glasshouses at the Royal Botanic Gardens, Kew. 


1 Seed Collection and Storage 


Seeds may be collected from fallen fruits but the method can be haphazard if col- 
lectors pick immature fruits that have fallen prematurely or mature fruits that have 
been on the ground for an unknown period, some of whose seeds may no longer be 
viable, despite recognizable colour differences in the husk and pith with age. On 
the other hand, harvesting ripe fruits entails knocking them down or climbing trees 
to pick them. 

The seeds are orthodox and, after drying, can be stored in sealed containers in a 
cold room at 4°C for 52 weeks, after which they still retain their germination capac- 
ity and rate (Some et al. 1990). Seeds tolerate short-term cooling and re-warming; 
seeds stored for 12 years at 5°C exhibited cooling tolerance and remained viable. 
The Centre National de Semences Forestieres, Burkino Faso, reported that seeds 
stored at about 8% moisture and 4°C for 15 years gave 94% germination at 25°C 
(Sacande et al. 2006). Studies on A. digitata seeds stored at –100°С are continuing 
(ISTA Online 2003). 
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2 Propagation from Seed 


2.1 Adansonia digitata 


Each pod contains 30—400 seeds embedded in a dry acid pulp (Rashford 1991). The 
seeds are kidney-shaped, 10—13 mm long and 5-9 mm wide, with a smooth, dark 
brown testa; around 1,500-3,000 seeds weigh 1 kg. Damaged seed are difficult to 
identify; it is recommend that before sowing seeds are first placed in water and 
those that float are discarded (Teel 1984; Hines and Eckman 1993). 

Despite their economic value, baobabs are still not as widely grown from seed 
because of difficulties in germinating untreated seed, and the long maturation 
period before fruit production. The baobab is, nevertheless, relatively easy to prop- 
agate in the nursery. Seed pretreatments, with varying degrees of success, include 
soaking in water, and mechanical and acid scarification. 

Early reports on seed germination varied greatly. Vauquelin (1822) reported 
successful germination after 3 weeks, while Anonymous (1955) obtained only 9% 
germination after 189 days following treatment with hot water, 896 after treatment 
with cold water and 796 from untreated seed in the control. 

Esenowo (1991) found exposure of the seed to wet heat at either 70°C or 80°C 
gave 20-30% germination, while soaking the seed for 30—50 min at 50? or 60°C gave 
70% and 80% germination respectively. Soaking seeds for 3 days in distilled water 
and then placing them on moistened filter paper in Petri dishes produced 5096 
germination, whereas soaking for 5 days gave none. The presence of fruit pulp was 
found to inhibit germination. 

Hines and Eckman (1993) recommended immersing the seeds in boiling water 
and either removing immediately and allowing to cool or removing after 5—7 min 
immersion. Hobson (1995) suggested immersing the seeds in boiling fresh water 
or seawater and allowing to cool for 24h before planting. The use of seawater 
suggests salt tolerance, which is probably limited to coastal baobabs. Vogt (1996) 
recommended immersing the seeds in boiling water and leaving overnight to 
cool. Some seeds absorb water and swell: these should be planted immediately. 
The process of immersion and cooling should be repeated four or five times with 
the remaining seeds until they too swell. The method should give a 9096 plus 
germination rate. 

Delange (2003) suggested soaking the seeds in tepid water for 72 h. Johansson 
(1999) reported that soaking seeds in cold water readily stimulated germination; 
seedlings, however, had difficulty in breaking through the testa. Germination and 
emergence improved at 30°C. Boiling seeds with pulp for 5 min gave only 1046 ger- 
mination. Soaking in НСІ (pH 2.5) for 8h was ineffective, and most seeds did 
not even swell. Dry heat treatments, intended to simulate the effect of fire, killed 
all seeds at 250?C; seeds survived at 100?C but, although some swelled, none 
germinated. 

Mechanical treatments include cracking the seed by lightly tapping with a 
hammer, full or partial decortication, laboriously nicking the testa with a sharp 
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knife or file, or manually scarifying with coarse glass paper (Esenowo 1991; Vogt 
1996; Delange 2003). 

Danthu et al. (1995) found that removal of a portion of the integument resulted 
in 65-80% germination within 6—8 days, but soaking for more than 6 hours gave 
only 2% germination due to embryo necrosis caused by rapid absorbtion of water. 

Kew’s Seed Bank at Wakehurst Place obtained 75% germination after scarifying 
the seeds and immersing them in distilled water for 1 day at 21°C; the germination 
medium was 1% agar. Germination of 80% was obtained after the seeds were steri- 
lised in 10% Domestos for 5 min before being scarified; seeds then imbibing 1% 
agar for 6 days at 26°C. Germination conditions for both trials were 26°C with 12h 
light alternating with 12h darkness. These results were obtained in the laboratory 
and may not be replicable under field conditions. 

In Malawi, Maghembe et al. (1994) investigated various treatments on seeds that 
had been kept in cold storage at 4—10°С for 6 months. The results were: 90% ger- 
mination after mechanical scarification, 92% after soaking in cold water, 96% after 
soaking in hot water, 23% following immersion in boiling water for 30s, and 35% 
after immersion for 12h in initially boiling water that was then allowed to cool, and 
82% from the untreated control. Following treatment, the germinated seeds were 
sown in pots containing woodland soil and watered twice daily for 30 days. Nursery 
survival rate after 18 months was 75%, by which time the saplings had grown to 
0.7m, with 11 leaves 11cm or more above ground level. 

From Tanzania, Nkana and Iddi (1991) reported that seeds discarded in the 
backyard of a brewery after baobab beer had been made from pulp and seeds (see 
Chapter 4) had grown into a ‘forest’ of young baobabs. The brewing process 
appeared to have facilitated germination. 

Sidibé and Williams (2002) found that soaking seeds for 90 min in H,SO, fol- 
lowed by rinsing in water for 24h gave 92% or more germination. Esenowo (1991) 
found that treatment with concentrated H,SO, or HNO, for 15min gave 98% and 
86% germination respectively, producing better results ‘than mechanical scarifica- 
tion, decorticating and heat treatments. Seeds treated with various herbicides and 
fungicides failed to germinate. 

Seeds should be sown as soon as they have imbibed water and swollen; emer- 
gence should occur within 2 weeks of sowing. Growth is rapid and the seedlings 
should be ready for planting out within 3—4 months (Vogt, 1996). However, Hines 
and Eckman (1993) reported that germination was extremely variable and seeds 
could take 3—24 weeks, or even up to a year to germinate. Such contradictory 
results may be due to a number of factors, such as whether fully ripe pods were 
harvested and whether they were taken from the tree or from the ground, seed fresh- 
ness, method and length of storage, date of planting and aftercare. 

Stapleton (1955) reported that while the baobab could be raised easily from seed 
in South Africa, growth was slow, and, when planted in damper climates, the trees 
died after 10—20 years. Killick (1988) suggested cold and frost might have been 
contributing factors. 

In the nursery, treated seeds may be sown in pots, beds or polythene bags in a potting 
mixture of three parts topsoil, one part sand and one part compost. Seedlings should 
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begin to emerge in 4—6 days after sowing, and emergence should be completed in 18 
days. Seedlings should be shaded for 8 days, given half shade for 4—7 days and then 
exposed to full sunlight. The seedlings require watering morning and evening but not 
excessively, otherwise there is a danger of stem rot. They also require protection from 
vermin with small-mesh wire netting. Seedlings can be fertilised using bi- or tricalcic 
phosphate and urea with 46% nitrogen (Sidibé and Williams 2002). 

Tenero (2003) reported wilting due to stress following transplanting and recom- 
mends growing in a well-drained soil, removing all leaves, exposing to the sun and 
watering once every second day but taking care not soak. New buds should soon 
emerge. Removing only the lower leaves can also be tried. If wilting is ignored 
seedlings will recover in about 2 weeks. 

In Mali, farmers who raise baobab seedlings for their leaves, sow the seeds in 
small, 16m? plots. The plots receive animal manure, are watered morning and 
evening, and weeded when necessary. After 4 weeks the tender leaves are ready for 
harvesting, a process that can be repeated every 2 weeks throughout the year, with 
yields of up to 3kg per picking. Mature trees not stripped of their leaves are health- 
ier and bear more fruit (Niang, 2003). However, a survey of farmers in the Ségou 
region of Mali found complaints about poor germination, poor access to water, and 
the need for plot protection and an economic rent (Savard et al. 2002). 

While baobabs can be successfully propagated in the nursery, Maundu (1996) 
reported that in Kenya it has been difficult to persuade local communities to plant 
them, because of the long maturation period. 

Baobabs were successfully grown in England as long ago as 1724, attaining 
heights of more than 5 m before they were all killed by severe frost in 1740 (Miller 
1768; Palmer and Pitman 1972; Mullin 1991). Further trees were grown in Europe 
from seed collected by Michel Adanson in Senegal and sent to botanic gardens, 
including the Chelsea Physic Garden in 1754. The famous Chelsea gardener Philip 
Miller (1691—1771) provided precise instructions for the cultivation of the baobab 
in England: 


It is propagated by seeds, which must be procured from the country where it grows natu- 
rally (for it doth not produce any in Europe); these must be sown in pots, and plunged into 
a hot-bed, where, in about six weeks, the plants will come up, and in a short time after be 
fit to transplant; when they should be each planted into a separate pot, filled with light 
sandy earth, and plunged into a fresh hot-bed, observing to shade them until they have 
taken new root; after which time they should have free air admitted to them every day in 
warm weather, but must be sparingly watered, for as their stems are soft (especially when 
young) too much wet will cause them to rot. As the plants advance in growth, they must 
be shifted into larger pots, but must be constantly shifted into the bark-bed, being too ten- 
der to thrive in this country without this artificial heat, therefore they must constantly 
remain in the stove with other tender exotic plants; the plants when young make great 
progress in their growth, where they are properly treated; for in three years many of them 
have been more than six feet high, and have put out several lateral branches, their stems 
are also proportional; but after four or five years growth they are almost at a stand, their 
annual shoots rarely exceeding two or three inches. (Miller 1768) 


Recently Wright (1902) briefly noted: 'Stove plant, seldom cultivated under 
glass. The seedsmen Thompson and Morgan recommended in their seed catalogue 
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that UK gardeners growing baobab either indoors or under glass should soak seeds 
until all or part of the testa is filled before sowing. Seeds should then germinate in 
21-365 days. Their recommended temperature for best results 15 21—27?C (70-80°F). 
A well-drained soil and full sunlight are also required. Edward Fletcher (2001, 
personal communication) reported planting seeds that he had stored in a paper bag 
and kept in a cupboard in his Cheltenham home at room temperature for 10 years; 
rather surprisingly, they germinated in 3—10 days. 

Etejere and Osatimehin (1984) found that nursery application of potassium 
nitrate, ammonium nitrate or magnesium nitrate at 1750kg ha^! following expan- 
sion of the two cotyledonary leaves, significantly enhanced shoot growth after 8 
weeks. Potassium nitrate also enhanced root growth significantly. 

The authors also found that the application of an anti-transpirant, Vapor Gard 
before the onset of water stress, reduced stress symptoms and transpiration losses. 
By sealing the stomata the anti-transpirant film temporarily inhibited photosynthesis; 
the film began to disintegrate after 18 days. 


2.2 Malagasy Baobabs 


In a field trial in December 1910 at Marovoay, near Mahajanga (Majunga), seeds 
of A. grandidieri, A. madagascariensis and A. za were sown under rather cool 
conditions, without shade or watering, in a sandy soil poor in humus. All seeds 
germinated by 2 weeks after the sowing, the stems had come through, and the first 
true leaves had already started to appear after the two cotyledons. By the end of the 
first year the saplings had produced a very swollen, tuberous root. At 2 years of age 
they had attained a height of 1.5—2 m. During all this time growth never stopped 
entirely, and the young trees always carried some leaves. By January 1922 trees had 
reached a height of 12—15 m, with trunks measuring between 40 and 60 cm in diameter 
at the base, and A. madagascariensis was flowering for the first time. The site was 
destroyed in 1933. Only a solitary A. madagascariensis survived, reaching an 
estimated 40 m in height, with a diameter of more than 1 m, and bearing numerous 
fruits (Perrier de la Báthie, 1952b, 1953). 

Kew’s Seed Bank obtained 89% germination with a 1% agar medium at 35/20°C 
with 8/16h light. Germination was reduced to 83% at 25°C and 8/16h light. 


2.3 Adansonia gregorii 


Ewart (1908) obtained 4% germination after 12 years of open storage at room 
temperatures. 

Johnson et al. (2006) reported that soaking in water to remove the pith and soften 
the seed coat is satisfactory for seed less than 2 years old. The addition of 20 uM 
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gibberellic acid is beneficial. Scarification or the use of H,SO, improved germination 
of older seeds but decreased germination of younger seeds. 

To break dormancy, the seeds require a high moisture content between 80% and 
90% field capacity, with a minimum of 25°C to a soil depth of 5cm. The optimum 
temperature required is 27°C, with 30°C for maximum germination and plant growth. 


3 Vegetative Propagation 


Some attempts at vegetative propagation of A. digitata in South Africa from 
truncheons and cuttings have proved unsuccessful (Villiers 1951; Stapleton 1955; 
Hines and Eckman 1993). However, Okafor (1980) noted that vegetative propagation 
was practiced in West Africa, although it was more usual to plant young seedlings. 
He considered that vegetative propagation offered an opportunity for crop improve- 
ment by selecting from elite trees. Sibidé and Williams (2002) suggested that 
cuttings could be rooted in the nursery before being transplanted in the field. 

Young trees, 3 months to 2 years old, can be grafted with scions from elite trees 
having desirable characteristics such as high vitamin C content or the dark leaves 
preferred for use as a vegetable. Such scions can be stored moist and at ambient 
temperatures for up to 2 weeks before use; such hardiness is an attribute appreci- 
ated by fieldworkers in remote areas. However, only 46% success was achieved 
with scions kept for 8 days whereas 9296 success was achieved with 1—2 day old 
scions. A veneer graft with a plastic film to control respiration is used by the 
Forestry Department of Mali. Grafted baobabs also offer faster development and 
lower bottom branches, making harvesting of the leaves and fruit easier. First 
flowering after grafting takes place at 3 years compared with 8—23 years for plants 
raised from seed (Sidibé et al. 1996; Sidibé and Williams 2002). Grafted trees usually 
bear fruit at about 12 years of age; the hoped for improvement in productivity and 
vitamin C content of the fruit has yet to be confirmed. 


4 Aftercare 


Seedlings should normally be at least 3-4 months old and 40-50ст high before 
transplanting, which should take place after the start of the rainy season. Mature 
baobabsarelarge, soplenty of spaceisrequired betweeneach plant. Recommendations 
vary from 10 x 10m spacing to 30 x 30m; holes should be 60 x 60 x 60cm, 
although smaller holes (40cm?) may sometimes be suitable. Organic matter should 
be put in the holes during planting. Protection is then needed against grazing and fire. 
The rate of growth will depend on site conditions (water, temperature and soil). On 
good sites, height growth of 3+m can be achieved by 2 years and around 12m by 
15 years. The possibility of growing grafted trees under irrigation for leaf production 
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is under investigation in Mali (Maydell 1986; Vogt 1996; Booth and Wickens 
1998; Sidibé and Williams 2002). 


5 Transplanting 


In the Kruger National Park two baobabs growing on alluvial soil at Letaba Camp 
were successfully replanted at Giriyondo Gate. The first tree was about 30 years 
old, 15m high and weighed 8t. The trunk was 1.3m in diameter at ground level. 
The taproot was cut at 1.3m below ground level and was 0.5m in diameter; the 
numerous lateral roots had diameters from 16 to 48cm. The second, younger tree stood 
10m high and weighed 3t; trunk diameter at ground level was 0.7m. The taproot 
was cut at 1.4m below ground level and measured 0.1 m in diameter; the numerous 
lateral roots had diameters from 16 to 32cm. After the baobabs had been lifted with 
a 140t crane and transported to the new site, they were replanted in 2.5 m? pits; the 
roots were dusted with sulphur. The two pits and their drainage channels were 
blasted through solid rock (SANParks 2005; Oelofse 2005, personal 
communication). 

Transplanting mature baobabs is a routine conservation operation at the Venetia 
Diamond Mine, around 80km west of Messina. The lateral roots are trimmed to not 
more than 1 m long; the trees are moved with a mechanical digger, planted in their 
new positions and left standing, unsupported by guy ropes. (Young 2000).One of 
the more dramatic transplants was from the Venetia Diamond Mine to the specially 
built conservatory at Kirstenbosch Botanical Garden in Cape Town. The baobab 
was lowered into position by helicopter (Mayne 2006, personal communication). 


6 Bonsai Cultivation 


Baobabs can make very attractive bonsai but they are slow and require care. The 
rate of growth will vary according to the species. A. suarezensis is particularly slow 
growing and will benefit from the use of a seedling heat mat. The seeds are suscep- 
tible to attack by fungi, which should be removed by rinsing and gently brushing 
the seeds with a soft toothbrush. A. madagascariensis is faster growing and turns 
woody earlier. A. gregorii can be difficult to germinate and grows slowly but 
remains stubby and forms branches earlier than both the former. Some growers 
believe the best bonsai are obtained from A. rubrostipa and A. za. A. digitata is 
grown commercially in Senegal for export to Europe. 

The seeds should be pretreated as outlined above (see ‘Propagation from seed"). 
A peat or a cactus soil, preferably sterilized, should be used when germinating the 
seed. Seeds should be planted 1 cm deep, and kept moist at a temperature not below 
20°C. In order to avoid fungal growth, seed trays should be kept well ventilated and 
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not placed in a plastic bag or under any cover that would maintain humidity. Use 
an anti-fungal spray in the event of a fungal attack on the plants. 

The soil must be free draining, so that water does not pool around the roots. 
A good bonsai soil cannot be overwatered. Use a proprietary bonsai soil or a mixture 
of peat, grit or masonry sand and an expanded shale lightweight aggregate such as 
Haydite. Delange (2003) recommends an acid soil; such as garden soil mixed with 
pine bark compost and pozzolana (a siliceous volcanic ash). A home mix should be 
tested for good drainage by filling a flowerpot with soil and firming lightly. Add 
water until it runs freely from the drainage holes and then place in the sun and allow 
the surface to dry. The surface should be loose, not caked and bone dry. Water 
should flow freely through the soil; if it does not, add more sand until it does. 

A few drops of a proprietary liquid cactus feed either weekly or once every other 
week during the growing season can promote healthy growth. If the tree grows too 
fast, reduce the feed. The bonsai must not be fed or watered while dormant. Start 
watering in spring when the tree starts budding. At first use very little water, per- 
haps 50cc a week, as the roots are susceptible to root rot. Increase the quantity of 
water as the tree comes into full leaf and reduce watering in autumn. To induce 
dormancy, the ambient temperature should be allowed to fall but on no account 
below 5°C and never expose the tree to frost. The leaves will slowly turn yellow 
and fall. Watering should then cease and start again in spring. This annual dor- 
mancy is essential for the baobab’s well being. 

The taproot should be pruned during the first dormancy, before the second year, 
in order to encourage growth of the lateral roots. Apical growth should be trimmed 
once the bonsai has reached the desired height. Allow the tree to grow and then 
cutback, bearing in mind the number of internodes remaining. There is a tendency 
for upper branches to thicken out of proportion to the remainder and these should 
be controlled. Bottom branches should be allowed to grow out so that they may 
thicken. Watering sparingly and exposing to more hours of sunlight will reduce leaf 
size; leaves that are too large can be trimmed. 

While 3-4 h of direct sunlight may suffice for young trees, the demand increases 
with age, more dramatically once the trees are 3—4 years old. Artificial lighting 
may be required but incandescent bulbs and fluorescent lights are not satisfactory. 
While a full spectrum fluorescent light is better, the bonsai should not be placed 
too far from the light source. In time the light loses its effectiveness and has 
to be replaced. A sodium or metal halide HID bulb is therefore recommended 
(Anonymous 2003; Delarge 2003). 

Traditional bonsai style should have an interrupted trunk line to radiate a mascu- 
line mode, and a straight trunk free of side branches and between one third and one 
half the height of the tree. The trunk is the focal point and should impart a feeling of 
strength and stability. Bonsai baobabs can attain heights of 30cm high in 25 years 
(Ceronio 1999). 

An alternative method for growing bonsai baobabs is to plant them in deep pots to 
encourage good root growth. Eventually fine roots will be produced from the swollen 
taproots. To encourage the rapid development of a thick trunk, the plant should be raised 
above former ground level on re-potting (Fletcher 2001, personal communication). 


Chapter 12 
Taxonomy 


In this chapter we consider the position of Adansonia in the family of flowering 
plants and the definition and naming of its constituent species. 


1 Higher-Level Systematics 


Most families are easily recognised natural groupings of descendants from a 
common ancestor. Molecular DNA and RNA sequence data, used in conjunction 
with parsimony algorithms to compare and group taxa, have provided a better 
understanding of the relationships of living organisms. In the last decade molecular 
data have suggested many novel relationships, and have also revealed that some 
past groupings are artificial. Such a system at the ordinal level based upon molecu- 
lar data was recently proposed and accepted. In the light of recent phylogenetic 
studies involving molecular, morphological and biogeographical data, the four 
closely related traditional families of Bombacaceae, Malvaceae, Sterculiaceae and 
Tiliaceae constitute the core Malvales. These are now placed in the Malvaceae 
sensu lato, reflecting their phylogeny as ancestors of the Malvaceae (Judd and 
Manchester 1997; Alverson et al. 1998, 1999; Angiosperm Phylogeny Group 1998; 
Bayer et al. 1999). 


2 Order Malvales 


The Malvales are predominantly woody plants with a largely pantropical and sub- 
tropical distribution. They are frequently stellate-pubescent, the tissues producing 
mucilage. The flowers are usually bisexual and actinomorphic, the perianths 
mostly pentamerous, and the calyx valvate in bud. The stamens are usually numer- 
ous or in more than one whorl. The ovary is multicarpellate, the placentation 
usually axile and derived from a parietal condition (by a deep intrusion of placen- 
tae) which is still to be found among some members (Lawrence 1965). If the 
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symmetry of the entire flower is considered, Adansonia has an actinomorphic 
corolla and medially zygomorphic pistil and stamens; the flower is therefore 
classified as medially zygomorphic (Neal et al. 1998). The corolla is spirally 
twisted; in one flower all the petals will overlap clockwise and in another anti- 
clockwise. As with most species of the Bombacoideae, the two forms are evenly 
distributed in any tree. The average number of stamens per flower varies from 721 
to 1,600 and, on average a right-twisting flower bears more stamens than a left- 
twisting flower (Davis and Ghosh 1976). 

The four traditional core families represented by the Malvales are the 
Bombacaceae, Malvaceae, Sterculiaceae and Tiliaceae, to which various authors 
allocate one to eight other families. Both Robert Brown (1814, 1818) and Bentham 
(1862) expressed their opinion that the Malvaceae, etc. constituted one natural class 
as closely related as the sections within the Rosaceae. Many workers have recog- 
nised this relationship, although they have at times allocated genera to different 
families within this group. So much so that Edlin (1935) concluded that ‘the so- 
called families of the [core] Malvales are not clear-cut families, as the term is 
generally applied, but are only representative of vague evolutionary trends’. Other 
systematists have long recognised this close relationship, which has recently been 
confirmed by molecular, morphological and anatomical studies, including those by 
Chase et al. (1993), Judd and Manchester (1997), Alverson et al. (1998, 1999) and 
Bayer et al. (1999). 

Molecular data from the chloroplast genes atpB, rbcl and ndhF have led to the 
identification of major lineages in the core Malvales and, in some areas, to the 
relationships among these lineages. Baum et al. (1998a) investigated the options 
available for incorporating the phylogenetic information into a classification of the 
core Malvales by distinguishing phylogenetic names from the traditional nomen- 
clatural system by a ‘clademark’. 

The Bombacoideae and Malvoideae form a well-supported clade, termed / 
Malvatheca in reference to their unusual monothecate stamens, while the clade 
formed by the /Malvatheca, together with Brownlowioideae, Dombeyoideae, 
Helicteroideae, Steculioideae and Tilioideae, is named /Malvadendrina, although 
no morphological characters have been identified that unite this group (Fig. 27). 
The /Byttneriina clade formed by Byttneroideae and Grewioideae is strongly 
supported as a sister-group to the /Malvadendrina, although it too lacks apparent 
morphological synapo-morphies (Smith and Baum 2003). 


2.1 History of the Bombacaceae 


Jusseau, (1789), in his Genera plantarum, placed the genus Adansonia in the 
Malvaceae when he first named that family. Later Kunth (1822) erected the family 
Bombacaceae, to which he transferred Adansonia and nine other genera from the 
Malvaceae; Schumann (1891) followed Kunth in his account for the Die 


2 Order Malvales 247 


/Malvoideae 
/Malvatheca 4 
/Bombacoideae 


/Sterculioideae 
/Malvadendrina /Brownlowioideae 
/Dombeyoideae 
/Tilioideae 
/Helicteroideae 


/Byttnerioideae 
/Byttneriina J 
/Grewioideae 


Fig. 27 Phylogeny of core Malvales based on Alverson et al. (1999). The rankless names for each 
of the clades are indicated by a forward slash. (From Smith and Baum 2003.) 


Naturalischen Pflanzenfamilien. However, not all botanists followed Kunth in rec- 
ognising the family Bombacaceae. For example, Masters (1868) followed Bentham 
and Hooker (1862) in including the Tribe Bombacaceae Subtribe Adansonieae 
within the Malvaceae in his account of that family for the Flora of Tropical Africa. 
Nevertheless, most accepted Adansonia as a member of the Bombacaceae, with 
Hutchinson (1959, 1967, 1969) as a notable exception (see below), until Judd and 
Manchester (1997) reorganised the Malvales. The Angiosperm Phylogeny Group 
(2003) recognises eight other families in the Malvales in addition to the 
Malvaceae. 


2.1.1 Family Malvaceae 


Nine subfamilies of the Malvaceae are now recognised, of which the Bombacoideae 
corresponds to the former Bombacaceae after the removal of tribes Matisieae (Matisia, 
Phragmotheca and Quararibea) to subfamily Malvoideae and Durioneae (Boschia, 
Coelostegia, Cullenia, Durio, Kostermansia and Neesia), to the Helicteroideae. The 
Fremontodendreae (Fremontodendron and Chiranthodendron), formerly included 
in the Bombacaceae or Sterculiaceae are now in the Malvoideae, while the position 
of Ochromeae (Ochroma and Patinoa) and Septotheca remains unclear, and the 
monophyletic subfamily Malvoideae is at present difficult to separate from the 
Bombacoideae. Indeed, some similarities are so striking that more data and taxon 
sampling may lead to the sinking of the Bombacoideae within the Malvoideae 
(Bayer et al. 1999). Hutchinson (1959; 1967, 1969) also commented on the affinity 
between the Tiliales and the Malvales, with the Malvales clearly derived from 
the less advanced Tiliales. He restricted the Malvales to the Malvaceae and 
placed Tiliaceae (including Elaeocarpaceae), Sterculiaceae and Bombacaceae in 
the Tiliales, in which he considered the Tiliaceae the most primitive and the 
Bombacaceae the most advanced families. 
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Tall to small trees, sometimes spiny, buttressed or with swollen trunk, often with 
verticillate branches, exceptionally shrubs or epiphytic stranglers. Indumentum of 
stellate or exceptionally lepidote trichomes or absent. Leaves simple, rarely lobed 
or digitate. Inflorescences with solitary axillary or variously arranged flowers, 
rarely paniculate or in cymes; an epicalyx derived from 3(2) leafy bracts usually 
present and usually + distant from calyx. Flowers actinomorphic or rarely + zygo- 
morphic; sepals usually 5, usually fused to more than half their length; petals usu- 
ally contorted and fused at the base with the staminal column; stamens + numerous 
and forming a staminal tube, often exceeding the calyx; anthers usually monothe- 
cate; pollen spheroidal to + oblate (flattened at the poles), usually 3-(col)porate, 
surface often reticulate, rarely spinulose; ovary 2—5(-10)-locular, syncarpous, 
superior to rarely + inferior, ovules 2-numerous per locule, style usually simple or 
with short stylar branches, stigma sometimes thickened, captitate and/or lobed. 
Fruits either many-seeded capsules or indehiscent and sometimes drupaceous or 
winged; seeds usually glabrous, endosperm usually reduced or absent, cotyledons 
often variously folded, usually equal. 

A subfamily of perhaps 31 genera with around 100 species, of which the status of 
four genera is considered as incertae sedis, i.e. intermediate between the Bombacoideae 
and the Malvoideae. Twenty-two of the genera are confined to the New World. 
Flowers often bat pollinated (Bayer et al. 1999; Kubitzki and Bayer, 2002). 


3 Genus Adansonia 


Adansonia is a genus of eight species, of which the type species, A. digitata was 
first described by Linnaeus (1753a) in his Species Plantarum. However, Linnaeus 
wrote ‘generis characterem non dum nobis notum’, i.e. generic characters not 
known (Fig. 28) and, according to Article 43 of the International Code of Botanical 
Nomenclature (henceforth the Code), a species is not validly published without an 
accepted generic description (Linnaeus 1957—1959; Jarvis et al. 1993; Greuter et al. 
1988, 2000; Baum 1995b). Thus, it was it was considered that when Linnaeus 
(1759) published the generic name in the 10th edition of Systema naturae that 
A. digitata was considered validly published. 

The Note under Article 41 of the Code states: ‘Ап exception to Art. 41.2 is made 
for the generic names first published by Linnaeus in Species plantarum, ed. 1 
(1753) and ed. 2 (1763), which are treated as having been validly published on 
those dates.’ Earlier taxonomists believed that Linnaeus’s ‘generis characterem non 
dum nobis notum’ overruled the Note under Article 41; it is now accepted that 
A. digitata was validly published in Linnaeus (1753a). 

The only taxonomic botanist to have studied all species of Adansonia in the field 
is David Alistair Baum (b. 1964), formerly of St. Catherine’s College, Oxford, who 
as a Ph.D. research student from the Washington University, St. Louis, studied 
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ADANSONIA. 
digitata, 2 ADANSONIA. D. геі. 

Doaoab. dlp. egypt. 66. t. 67. 

Daobab. f. Abavi. Basb. bif. 1. p. 110. 

Abavo arbor, radice tuberoía. Banh. pia. 434. 

Guanabanus fcaligeri, Bauh, kift. 1. p. 109. Raj. angl. 
1371. 

Habitat іп FEgypto, b 

Arborem dixit [ummus Botanicus B. Juffizus a difci- 
pulo egregio, qui Africe rariffimas plantas invefliga- 
vit; generis characterem won dum nobis notum ab a- 
miciffimo Auctore indefinenter expetimus. 


Fig. 28 The circumscription of Adansonia digitata in Linnaeus (1753). 


baobabs in Madagascar (1987, 1988—1989), Kenya (1989) and Australia (1989-1990). 
He has made a major contribution to our knowledge of the world’s baobabs. 


3.1 Generic Description 


The type of the genus and species is herbarium sheet No. 862.1 labelled Adansonia 
digitata in the Linnean Herbarium, London; lectotype selected by Robyns (1980). 
Hermaphrodite, small to large deciduous trees, 5—30m tall, usually with compact 
and flat-topped crowns, normally without spines (rarely in A. rubrostipa branches with 
conical spines). Trunks massive, cylindrical and tapering or bottle-shaped, the ‘neck’ 
and basal portions variable in length and in relation to each other, often with the basal 
portion grotesquely convoluted by branch buttresses reaching to the ground. Primary 
branches massive, horizontal or ascending. Bark smooth or foliaceous, reddish brown 
to grey, often with a yellow or green photosynthetic layer beneath the surface; inner 
bark with tough longitudinal fibres. Wood fibrous, soft and arranged in concentric 
sheets, often with an odourless, mucilaginous gum exuding from damaged wood. 
Leaves palmately compound, membranaceous to coriaceous, clustered and spi- 
rally arranged at the ends of reproductive branches, with longer internodes on 
juvenile shoots. Stipules up to 2mm long, caducous, rarely 1-1.5cm long and 
persistent. Petiole bipulvinate. Leaflets 1—(5—11) (a progressive seasonal trend of 
new leaves observed in A. digitata with 1 to 7(—9) leaflets), elliptic, lanceolate or 
oblanceolate, inner leaflets larger than the outer, sessile or petiolulate; apex acute 
to apiculate, rarely obtuse; margins entire or dentate, lamina penninerved, glabrous 
to tomentose with simple or clumped trichomes. Flowers regular and hypogynous, 
usually solitary, rarely 2-flowered, axillary inflorescences, with up to 5 flowers per 
branch tip; buds subglobose, ovoid or cylindrical. Peduncle and pedicel + distinct, 
pendent or erect, pedicel usually with 3 caducous bracteoles. Calyx synsepalous, 
enveloping flower until at least 6h before anthesis; calyx lobes 5, but may fail to 
separate completely, reflexed or contorted at anthesis; externally scabrous, green or 
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brown, internally sericeous, cream, pink or red; nectarious tissue in a narrow basal 
strip, sometimes in an annular cavity formed by the base of the calyx tube in some 
members of section Longitubae. Corolla regular or slightly irregular; petals 5, free, 
convolute, inserted on the lowest portion of the staminal tube, creamy white, yel- 
low or red. Androecium a distinct tube surmounted by numerous free filaments; 
tube cylindrical or slightly tapering, usually glabrous, white or yellowish; anthers 
monothecate, thecae long and sinuous around the connective margin, longitudinally 
dehiscent. Ovary superior, (2—)5—10-locular, conical to oblong, densely brown or 
yellowish tomentose, with cylindrical or flattened, long, simple, upwardly pointing 
hairs; ovules numerous, anatropous, borne on long, dichotomising funicles arising 
from the edges of 7—9 deeply intruded placentae; style terminal, simple, filiform, 
densely tomentose near base, white or dark red; stigma usually with 5—10 short 
lobes, yellowish or dark red, browning with age. Fruit a dry, large, globose, ovoid 
or oblong-cylindrical, many-seeded berry; pericarp usually indehiscent, hard and 
woody, 5-15 mm thick with velvety tomentum; longitudinal fibres on inner surface. 
Seeds numerous (A. digitata pods have 30—400 seeds according to Rashford 
1991), reniform, 10-15(-29) mm long, hilum lateral, embedded in a white spongy 
pulp; testa thick and impermeable (water-permeable in section Brevitubae), 
endosperm thin, embryo with 2 folded cotyledons, rarely polycotyledonous, + equal, 
folded and achlorophyllous. 

Three sections were recognised by Hochreutiner (1908). Sections Adansonia 
(syn. Pendentes, an illegitimate name) and Longitubae produce seedlings with long 
hypocotyls that raise the cotyledons well above ground level (phanerocotylar). The 
cotyledons of Brevitubae seedlings are slightly green remaining at soil level 
partially enclosed in the testa (cryptocotylar) with the epicotyl carrying the first 
leaves above soil level. The juvenile leaves are usually simple at first, later becom- 
ing progressively lobed, trifoliate or irregularly digitate until reaching the adult 
form. The number of simple first leaves varies from one to many (Beentje 1989; 
Baum 1995b; Schatz 2001; Kubitzki and Bayer 2002). 

The recognition of the three sections is also supported by certain differences 
found in the physical and chemical properties of the seed oils (Appendix 3, Table 47) 
and permeability of the seed coat (see Chapter 8). 


3.2 Descriptive Key to Sections and Species 
(Modified from Baum 1995b) 


la. Flower buds globose, flowers and fruits pendent borne on long pedicels; calyx 
persistent; petals! white, as broad as long; staminal tube 3—6 cm long, + equalling 


' Opinion is divided as to whether the petals of A. digitata are scented or odourless when on the 
tree; they certainly begin to smell unpleasant and discolour when fallen or picked. 
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1b. 


2a. 


2b. 


3a. 


3b. 


4a. 


4b. 


5a. 


free filaments; fruit variable, globose to oblong-cylindrical, seeds 10—13 mm long, 
laterally flattened; trunk massive, squat or tapering, crown irregular or rounded. 
Deciduous woodlands, savannas and wooded grasslands; tropical Africa; intro- 
duced and cultivated elsewhere (Section Adansonia) A. digitata 


Flower buds not globose, elongated 2 


Flower buds ovoid to oblong, about twice as long as broad; borne on short, 
+ erect pedicels; calyx persistent; petals white, yellowing with age, oblanceo- 
late; staminal tubes around 1 cm long, about one fifth as long as free filaments; 
seeds 12—20mm long, not flattened laterally; trunks massive, cylindrical or 
tapering, with flat-topped crowns; Madagascar (Section Brevitubae) 3 


Flower buds cylindrical, elongated, at least five times as long as broad; flowers 
and fruits borne on short, erect or horizontal stalks; calyx falling with the floral 
parts except for A. gregorii; petals white, yellow or red, at least five times as 
long as broad; staminal tubes 10—25 cm long, at least one third the length of the 
free filaments; seeds 9-14(—16) mm long, laterally flattened; small to large 
trees, trunks cylindrical, tapering or bottle-shaped, crown usually rounded, 
sometimes irregular; Madagascar and Australia (Section Longitubae) 4 


Leaflets (6—)9-11, bluish green, densely tomentose, narrowly elliptic to lanceolate; 
outer surface of calyx reddish brown tomentose; fruit sub-globose to ovoid, 
usually less than twice as long as wide. Dry deciduous forest, especially close 
to seasonal rivers, lakes and waterholes; distribution restricted in south-western 
Madagascar A. grandidieri 


Leaflets 6-9, yellowish green, subglabrous to scabrous, broadly elliptic to 
broadly oblanceolate; outer surface of calyx green, scabrous; fruit elongated 
ovoid to oblong-cylindrical, usually more than twice as long as wide. Deciduous 
forest, especially on limestone; northern tip of Madagascar А. suarezensis 


Flower buds usually 15-28 cm long; petals yellow or red, evenly curled outward 
throughout length; fruit indehiscent; Madagascar 


Flower buds usually 10-15cm long; calyx persistent; petals white or cream, 
erect for lower 34, reflexed above; fruit usually cracked when mature. Open wood- 
land, fringes of rocky ranges, along seasonal creeks and on river floodplains; 
north-west Australia А. gregorii 


Leaflets sessile, margins serrated, medial leaflets less than 2cm wide; petals 
shorter than androecium, bright yellow to orange yellow; central 10-20 fila- 
ments above staminal tube fused into a bundle, style caducous with other 
flower parts; fruit + globose. Deciduous forest on sand or limestone, dry ‘spiny’ 
forest or sublitoral scrub; western and southern Madagascar A. rubrostipa 
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5b. Leaflets petiolate or subsessile, margins entire, medial leaflets more than 2cm wide; 
petals longer than androecium; all filaments free above staminal tube; style persistent 
or caducous with other flower parts; fruit subglobose, ovoid or oblong 6 


ба. Leaflets obovate to obovate-elliptic, leaves on reproductive shoots with 15—24 
pairs of secondary veins; petals pale yellow, darkening with age; stipules 
persistent, 19-15 mm long; staminal tube at least 8 times longer than the free 
filaments; staminal tube and style falling at anthesis; fruit broadly ovoid to 
peduncle not swollen. Evergreen forest; northern Madagascar А. perrieri 


6b. Leaflets broadly lanceolate or elliptic, usually with 8—20 pairs of secondary 
veins on reproductive shoots; stipules caducous, up to 2mm long; staminal 
tube equal to or shorter than the free filaments; fruit globose or oblong, if oblong 
peduncle usually markedly swollen 7 


7а. Leaflets subsessile, 8—16 pairs of secondary veins, petiolules winged; calyx 
falling with floral parts; petals dark red, rarely yellow; style caducous; fruit 
globose to subglobose, usually wider than long; flowering February—April. 
Dry or moist deciduous forest on limestone, sandstone and gneiss; north- 
western to northern Madagascar A. madagascariensis 


7b. Leaflets sessile to petiolate, 10—20 pairs of secondary veins, petiole up to 
3cm long; petals yellow, sometimes upper surface with a diffuse reddish 
medial streak; style persistent; fruit usually ovoid with markedly thickened 
peduncle or broadly oblong to subglobose with peduncle not thickened, 
usually with longitudinal ridges except in the north; flowering November- 
February. Dry deciduous forest, 'spiny' forest, savannas and scrubland; a 
widespread and variable species; western Madagascar А. za 


3.3 Nomenclature and Synonymy 


The individual species often vary greatly in such characters as habit and fruit shape, 
and this variation has often led to considerable confusion in delimiting taxa. The 
species, together with their synonyms, are shown in Table 26. 

The taxonomy of indigenous Madagascan species was particularly confused, 
mainly due to inadequate botanical exploration, which concealed the full range 
of variation present within a species, resulting in the description of unnecessary 
taxa. Differences between some of the taxa, such as A. grandidieri, A. sua- 
rezensis and A. za have not always been recognised. Recent researches by Baum 
(1995b) in Madagascar have now reduced the number of indigenous species 
to six 
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Table 26 The species of Adansonia and their synonyms. 


Species 


Section Adansonia 
A. digitata L. (1753a) 


Section Brevitubae Hochr. (1908) 

A. grandidieri Baill. (1893) 

A. suarezensis H. Perrier (1952a) 
Section Longitubae Hochr. (1908) 

A. rubrostipa Jum. and H. Perrier (1909) 


A. perrieri Capuron (1960) 
A. madagascariensis Baill. (1876) 


A. za Baill. (1890) 


Adansonia gregorii Mueller (1857) 


Synonyms 

Section Pendentes Hochreutiner (1908) 
Ophelus sitularius Lour. (1790) 
Adansonia situla (Lour.) Spreng (1826) 
Adansonia integrifolia Raf. (1838) 
Adansonia scutula Steud. (1840) 

Baobab digitata (L.) Kuntze (1891) 
Adansonia sphaerocarpa A. Chev. (1900) 
A. digitata var. congolensis A. Chev. (1906) 
A. sulcata A. Chev. (1906) 

A. somaliensis Chiov. (1932), nom. inval. 


A. fony Baill. and H. Perrier (1952a) nom. superfl. 
A. fony var. rubrostipa (Jum. and H. Perrier) 
H. Perrier (1952a) 


Baobabus madagascariensis (Baill.) Kuntze (1891) 
. bernieri Baill. ex Poisson (1912) 
. alba Jum. and Н. Perrier (1909) 
. bozy Jum. and H. Perrier (1910) 
. za var. boinensis H. Perrier (19522) 
. za var. bozy (Jum. and H. Perrier) 
Н. Perrier (19522) 
Capparis gibbosa A.Cunn. (1842) 
Baobabus gregorii (Mueller) Kuntze (1891) 
Adansonia rupestris Saville-Kent (1897) 
A. stanburyana Hochr. (1908) 
A. gibbosa (A. Cunn.) Guymer ex 
D. Baum (1995b) 


SPP Pp BS 


4 The Species 


The following taxonomic discussion on the species is largely based on Baum (1995b). 


4.1 Adansonia digitata 


An 11-page manuscript entitled Méthode de Décrire par Articles by Michel 
Adanson in the Hunt Institute for Botanical Documentation includes a broadsheet 
with columns for all possible characters useful in preparing a plant description, 
which has been filled in using the baobab as an example. Annotated by Adanson, 
it appears to have been first written in 1750 and perfected in 1753. 
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It was at the suggestion of Bernard de Jusseau that Linnaeus (1753a), in his Species 
plantarum, named the baobab tree Adansonia digitata in honour of Michel Adanson. 

The original circumscription is terse (Fig. 28); Linnaeus relied on the citations 
in the protologue for his sources of information, in which he refers to the notorious 
Guanabanus scaligeri (see Chapter 1), attributing the name to Bauhin and Cherler 
(1650) and Ray (1688). It is quite clear from Heller (1959 that Linnaeus had not 
seen any of Scaliger’s publications, since he cited none of them in Linnaeus 
(1753a). The true Guanabanus from South America is included in the protologue 
for Annona muricata Linnaeus (1753а). 

Rather surprisingly, Linnaeus gives the distribution as Habitat in Ægypto, i.e. 
the Nile valley in Egypt, and refers to Alpini (1592). Yet it is clear that Linnaeus 
had learnt that A. digitata occurred in Senegal from Bernard de Jusseau, from 
whom he had received the appellation Adansonia. A more accurate description of 
the distribution would have been Habitat in ZEthiopia. Adanson, in his Familles des 
plantes (Adanson 1763), modestly preferred the generic name Baobab, which is 
nomenclaturally superfluous under Article 52 of the Code and must be rejected. As 
a matter of interest, Adanson (1763) was communicated in 1759, published in 1761 
and distributed in 1763 (Labat 2004, personal communication). 

Linnaeus (1753b) provided a slightly longer description in Demonstrationes 
plantarum in horto upsaliensi, a dissertation on species cultivated in the Uppsala 
Botanic Garden, defended by his student Johannes Christian Hójer. The thesis was 
later reprinted in Amoenitates academicae (Linnaeus, 1756) with various small 
alterations and additions (Heller 1959). 

Linnaeus had no qualms about changing names, and in Linnaeus (1763) changed 
A. digitata to A. bahobab, thereby acknowledging the name given by Alpini (1592). 
However, the name is superfluous and must be rejected. 

Joäo de Loureiro (1717—1791) described the baobab he had collected in East Africa 
in his Flora cochinchinensis under the name of Ophelus sitularius (Loureiro, 1790). 
Unfortunately, this specimen, like many others from his collections, has been lost. The 
specific epithet sitularius (urn- or pitcher-like) probably refers to the shape of the trunk 
or possibly the fruit and offers no clue as to where it may have been collected. 

The German physician and botanist Joseph Gaertner (1732-1791), in his De 
fructus et seminibus plantarum (Gaertner 1791), used the name Adansonia baobab 
when describing the fruit. Another German physician and botanist, Kurt Pollycarp 
Joachim Sprengel (1766—1833), in his revision of the 17th [16th] edition of Caroli 
Linnaei ... Systema vegetabilium. Editio decima sexta, provided the name 
Adansonia situla (Sprengel 1826), suggesting that he must have seen Loureiro's 
Ophelus and recognized it as an Adansonia. 

Born in Constantinople, Constantin Samuel Rafinesque-Schmaltz (1783— 
1840), better known as Rafinesque, was a somewhat erratic naturalist and profuse 
author. He described an Adansonia integrifolia in his Sylva telluriana (Rafinesque 
1838). The type has not been found and was probably destroyed when, after his 
death, most of his specimens were thrown away (Stafleu 1967). 

Yet another German, the traveller, botanist and controversial nomenclatural 
reformer Carl Ernst Otto Kuntze (1843-1907), provided the superfluous name of 
Boababus digitata for his Revisio generum plantarum (Kuntze 1891). 
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Fig. 29 Some examples of the variation in Adansonia digitata fruits. (2) А. sphaerocarpa; 
(4) A. digitata var. congoensis; (10) and (11) A. sulcata fruits and (12) A. digitata seeds are 
illustrations from Chevalier (1906), the remaining fruits are from Sweeney (1973). 


The French botanist Auguste Jean Baptiste Chevalier (1873-1956) recognised 
two new species, A. spherocarpa (Chevalier 1900) with small globose or oval fruits 
from Timbo, Fouta-Djalon, Guinea (Chevalier 12424 holotype, P) and Niger 
(Chevalier s.n.), and A. sulcata from Brazzaville, Congo (Chevalier 4230, holotype, P) 
which, Chevalier (1906) claimed, differed from A. digitata by its slender and 
almost glabrous leaves and long, subcylindrical and deeply furrowed, 30-50cm 
long fruits. He also recognised A. digitata var. congolensis from São Thomé 
(San-Thomé) Island (holotype Chevalier s.n., P, not located) with smaller fruit, 
20-30cm long апа 10-15cm in diameter, depressed and abruptly truncate at the 
base, and borne on 3-4cm long stalks (Chevalier 1906). A wide variation in fruit 
size and shape is known in both A. digitata (Plate 28, Fig. 29) and the other species, 
but without any collaborating evidence, fruit shape cannot be considered a 
diagnostic character for interspecific variation. 

The name A. somaliensis, provided by the Italian botanist Emilio Chiovenda 
(1871—1940) in his Flora Somala (Chiovenda 1932), is a provisional name and, 
under Article 34.1 of the Code, invalidly published. 

A number of botanists, Masters (1868), Chevalier (1906), Verdorn (1933) etc. 
have commented on the variation in leaf indumentum and shape, peduncle, length, 
flower size, pod shape, etc. and their possible taxonomic significance. 

While Baum (1995b) could find no evidence for any taxonomic differentiation 
within A. digitata, he did not rule out the possibility that future research on this 
widespread and much undercollected African species would reveal the presence of 
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exclusive subgroups. Meanwhile, all the species discussed above have been reduced 
to synonyms of A. digitata. 

Working in Mali, Sidibé et al. (1998a) recognised trees, irrespective of age, con- 
sistently bearing leaves around 15cm long with 6—7 leaflets, and trees with leaves 
around 20cm long with 5 leaflets. The leaves from trees with small leaves had sig- 
nificantly higher carotene content than those from trees with large leaves. The 
chemotaxonomic significance of these findings requires further investigation. 


4.2 Adansonia grandidieri 


A. grandidieri is based on annotated Plates 79B bis/2 and 79E/1 in Baillon (1893). 
The main element of Plate 79E/1 is a longitudinal section of a flower showing sev- 
eral important features of A. grandidieri. This illustration is believed by Baum 
(1995b) to have been based on Grevé 275, as this specimen includes a sectioned 
flower that closely resembles that drawing (Fig. 30); Baillon (1885b) originally 
included Grevé 275 in A. madagascariensis. The fruit illustrated in Plate 79B bis/2 
is labelled A. grandidieri and resembles that in Grevé 20. In Baillon (1893) Plate 
79B bis/2 replaced 79B in Baillon (1889), and 79B was relabelled A. madagas- 
cariensis (Stafleu and Cowan 1976). Jumelle and Perrier de la Báthie (1910) claim 
that it is not known whether Baillon or Drake del Castillo, his successor as author 
of the Histoire naturelle des plantes (including the Atlas), made the correction. 


Madagascar Botanique. P1.19" 


Fig. 30 Floral parts of Adansonia grandidieri. (From Baillon (1886), Plate 79E, Fig. 1.) 
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However, Stafleu and Cowan (1976) claim that Baillon was responsible for the sci- 
entific names on the plates published in Baillon and Drake del Castillo (1893) 
before Baillon died in 1895. Perrier de la Bathie (1952a) mistakenly claimed to 
have emended a description of A. grandidieri in Baillon (1898) but that reference 
makes no mention of A. grandidieri; the correct reference is Baillon (1890b). 
Perrier de la Bathie (1952a) further added to the confusion by claiming that the 
flower shown as Plate 79E in Baillon (1893) was of A. suarezensis! 

According to Article 44.1 of the Code a name of a species is validly published 
before 1908 “even if only accompanied by an illustration with analysis (as defined 
in Art. 42.4)’, i.e. a figure or group of figures showing details aiding identification, 
with or without a separate caption (Greuter et al. 2000). Thus, plates may be used 
as holotypes instead of lectotypes selected from specimens on which the illustra- 
tions might be based. 

As noted by Cheek (1989), many taxa of Madagascan plants were published as 
analytical drawings in the Histoire Naturelle des Plantes that accompanied the 
Histoire Physique, Naturelle et Politique de Madagascar edited by Alfred 
Grandidier and, later, by his son Guillaume. Henri Ernest Baillon (1827—1895) was 
responsible for most of the botanical names associated with the plates, including 
those illustrating species of Adansonia (Stafleu and Cowan 1976). Since there is no 
doubt that these plates were used by the author they must be accepted as the holo- 
types. Plates 79B and 79E/1 were issued in 1893, so the correct author and date of 
publication of A. grandidieri is Baillon (1893). 

Thus Grevé 275 and Grevé 20 may be regarded as syntypes, of which Baum 
(1995b) designated as the lectotype of A. grandidieri Madagascar, Morondava 
(Menabe), Grevé 275 (P). 

Cheek (1989) had argued that there is less ambiguity if the plate itself is treated 
as the holotype rather than the name being attached to one of the specimens from 
which the plate was drawn. However, Baum (1995b) regarded the question as prob- 
lematic. A specimen has the advantage that it has not been ‘filtered’ through an 
artist’s eyes, and future systematists would thus be able to score the type specimen 
for characters not present in the illustration, such as trichomes, stomata and DNA. 
There is also some ambiguity, when an illustration is being typified, as to whether 
specific elements of the plates, whole plates or sets of plates issued simultaneously, 
should be typified. Thus, decisions must be made on a case-by-case basis. If a good 
quality specimen used by the author is available it should be selected as the type. 
Failing that, it is preferable to typify taxon by the plate rather than select a poor 
quality specimen or neotype. 


4.3 Adansonia suarezensis 


Adansonia suarezensis is illustrated in the Histoire Naturelle des Plantes (Baillon, 
1893) by Plate 79C (which shows a flower with a short staminal tube and bears the 
inscription d'un tube de l'androcée, cylindrique et long de plus d'un demi-décimétre) 
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and Plate 791, both of which are incorrectly labelled as ‘A. za’. Drake del Castillo 
(1902) and Hochreutiner (1908) continued to misapply the name ‘A. za’ to A. sua- 
rezensis, although the latter did observe that there was a discrepancy between the 
plates and the original description of A. za in Baillon (1890b). Jumelle and Perrier 
de la Bathie (1910) eventually corrected the error but at the same time wrongly 
assumed that the illustrations in Baillon (1893) were of A. grandidieri, whose flow- 
ers closely resemble those of A. suarezensis. 

Eventually, Perrier de la Bathie (1952a) recognised that the baobabs growing 
near Diégo-Suarez (now known as Antisiranana) were distinct from A. grandidieri 
and described them as A. suarezensis. However, as David Baum pointed out, he 
incorrectly described the inside of the calyx and petals as red instead of white and 
cream, respectively. This error was undoubtedly due to the colour of the petals 
changing to a rusty-red on drying. 

With the original description Perrier de la Bathie (1952a) listed two specimens 
as ‘type de l'espéce': Madagascar, Diégo-Suarez, 1893, Allaud s.n. (P) and 
Madagascar, Diégo-Suarez, Coridou F6769 (P). But, in Perrier de la Báthie (1955), 
he incorrectly selected another specimen: Madagascar, Diégo-Suarez, Perrier de la 
Báthie 17686 (P). Baum (1995b) selected Allaud s.n. as the lectotype because it 
included flowers, rather than Coridou F6769, which consisted of leaves and fruit. 


4.4 Adansonia rubrostipa 


Baillon (1890b) first described the leaves and fruit of this species under the provi- 
sional name of Adansonia fony. According to Article 34.1 of the Code such 
provisional names are invalid and must be rejected. Although A. fony was later val- 
idly published by Perrier de la Báthie (19522), an earlier name, A. rubrostipa, had 
already been legitimately published for that taxon by Jumelle and Perrier de la 
Báthie (19092) and has nomenclatural priority. The description of A. rubrostipa is 
also repeated in Jumelle and Perrier de la Báthie (1910). No collectors were named 
but the collections were from the Baie de Baly and Namoroka. 

Perrier de la Báthie (1952a) further complicated matters by adopting the illegiti- 
mate name A. fony and publishing a northern variety, A. fony var. rubrostipa, as 
well as the southern variety, A. fony var. fony. The sole distinguishing feature sepa- 
rating the two varieties was the staminal tube length. Baum (1995b) found this to 
be such a variable character that the taxonomic distinction could not be supported. 
Perrier de la Báthie did not designate any type specimens for the two varieties of 
A. fony. Although, according to Article 37.1 of the Code, nomenclatural types did 
not have to be given for valid publication until after 1 Jan. 1958, Perrier de la 
Báthie (1955) did indicate ‘types’ for A. fony in his account of the Bombacaceae 
for the Flore de Madagascar. They are: var. fony — Madagascar, Morondava, April 
1869, Grandidier 39, and Madagascar, Grevé 38 (P), and for var. rubrostipa - 
Madagascar, Tsingy de Namoroka (Ambongo), May 1904, Perrier de la Báthie 
1447 and 17834 (P). 
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Since Perrier de la Bathie 1447 was the only ‘type’ of A. fony var. rubrostipa 
collected prior to the original description of A. rubrostipa, Baum (1995b) selected 
it as the lectotype. Two other specimens from the Tsingy de Namoroka, Perrier de 
la Báthie 1047 and Perrier de la Báthie 1447bis (Р), were collected before 1909 
and these were also considered by Baum to have been used for the species descrip- 
tion of A. rubrostipa and should, therefore, be considered as syntypes. Of the two 
‘types’ for var. fony, Grandidier 39 was the more complete specimen and 
designated as the lectotype of A. fony, with Grevé 39 as the syntype. 

Baillon (1890b) made the surprising observation that A. fony at the Baie de Saint- 
Augustine (see Chapter 1) was a lofty slender tree with red flowers. It may be that when 
fresh the petals are an orange-yellow in colour and turn a reddish colour when dried. 


4.5 Adansonia perrieri 


Named by Capuron (1960) in honour of Perrier de la Báthie, A. perrieri is a well 
defined species of limited geographical range in northern Madagascar with two 
unique characters, i.e. persistent stipules and extremely long and narrow staminal 
tube (Baum 1995b). The holotype is Madagascar, Ankarana Plateau, E of 
Ambondromifehy, valley on marls and limestone, 13 November 1958, Service 
Forestier (Capuron) 19000 (P). 


4.6 Adansonia madagascariensis 


Adansonia madagascariensis was the first baobab from Madagascar to be named 
and was described from the collections made by A. Grandidier and Bernier (Baillon 
1876). The name was misapplied to the fruit of A. grandidieri in Baillon (1889), 
but the error was corrected in Baillon (1893). Poisson (1912) validly published the 
superfluous name A. bernieri, based on an annotation by Baillon on the lectotype 
sheet (Baum 1995b). Madagascar, Diégo-Suarez, Bernier 2e envoi 364 (P) was 
designated the lectotype of A. grandidieri by Perrier de la Báthie (1955). 

Perrier de la Báthie also suggested that the distribution of A. grandidieri 
extended from the north of Madagascar to Ambovombé in the south-east. However, 
a reassessment of the species by David Baum has shown that A. grandidieri only 
occurs as far south as Ankara and perhaps Soalala, the remaining specimens being 
referred to as A. za. Although the two species are very similar, they can be readily 
distinguished by characters mentioned in the key, especially in areas of sympatry, 
but none of the characters is diagnostic, i.e. fixed in one within one taxon and 
absent in the other (apart from different flowering seasons preventing interbreeding 
in areas where they overlap). Despite this, Baum (1995b) believes the two species 
are distinct and, despite the occurrence of sympatry, they have remained genetically 
distinct and show no evidence of hybridisation. 
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4.7 Adansonia za 


Baillon (1890b) first described this species from a specimen collected by Grevé 
from the Mahafaly plateau (Grevé 37 (P), which was designated the lectotype by 
Perrier de la Bathie (1952a) but incorrectly cited as being from Morondava). 
The species was illustrated in Baillon (1893) by Plates 79C, D and I. However, 
there was some nomenclatural confusion as to the taxon to which the name should be 
applied because Hochreutiner (1908) pointed out the contradiction between the 
original description in Baillon (1890b) and the illustration labelled A. za in Plate 
79C in Baillon (1893) and the description given by Drake del Castillo (1902). 
Hochreutiner argued that the dates for the publication of both the description in 
Baillon (1890b) and the illustrations of A. za in Baillon (1893) are uncertain but, as 
Plates 79A and 79B (not illustrations of Adansonia) were known to predate the 
description, it can be presumed tht Plates 79B and C must also have priority over 
the original description, as they would according to the Code. Jumelle and Perrier 
de la Bathie (1910) settled the argument by pointing out that, while Plates 79A and 
79B were earlier, Plates 79C to I were published in Baillon (1893) and the written 
description of Baillon (1890b) has priority. Plate 79D is an accurate portrayal of the 
fruit of A. za, while Plates 79C and 79I refer to A. suarezensis, first described in 
Perrier de la Báthie (19522), which Jumelle and Perrier de la Báthie (1910) had 
confused with the rather similar A. grandidieri of Baillon (1893). 

A. alba was first described by Jumelle and Perrier de la Báthie (1909b) and 
further discussed in Jumelle and Perrier de la Báthie (1910). The holotype is 
“Madagascar, upper basin of the Andranomalaza to the N of Bezofo [Bejofo], in 
dense forest by waterfall close to 500 m, on syenite, Oct. 1908, Perrier de la Báthie 
8166 (PY. Perrier de la Báthie claims that the fresh young flowers are white but, 
although David Baum searched the area he found only the yellow-flowered A. za. 
The type specimen is of poor quality and is indistinguishable from A. za; it is 
accordingly reduced to synonymy (Baum 1995b). 

Jumelle and Perrier de la Báthie (1909b) noted that a collection from the 
Sambirano valley bore some resemblance to A. alba, to which they gave the provi- 
sional name of A. bozy. It was validly published as a new species in Jumelle and 
Perrier de la Báthie (1910). No type specimen was cited but since the only speci- 
men available for consultation that was early enough to have been seen by Jumelle 
and Perrier de la Báthie was in Madagascar, Andranomandevo, Sambirano valley, 
Jan. 1909, Perrier de la Báthie 8159 (P), Baum (1995b) assumed it must be the 
holotype. Later Perrier de la Bathie (1952a) changed A. bozy to A. za var. bozy, 
albeit erroneously spelling the epithet as var. bozo. Perrier de la Bathie (1955) later 
corrected the error in his account of Adansonia in the Flore de Madagascar. Other 
collections by Perrier de la Báthie from Ankara, Kamakama, the Sakondry valley 
by Poisson, and from Androy by Decary, were described in Perrier de la Báthie 
(1952a) as A. za var. boinensis, from which Baum (1995b) selected the most 
complete specimen, Madagascar, Ankara, Kamakama, Oct. 1902, Perrier de la 
Báthie 960A (P), as the lectotype. 
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Baum (1995b) noted that, while there are few fixed differences between 
A. madagascariensis and the more widely distributed A. za, some characters shared 
between the two in the north are not found in the southern A. za, suggesting the 
possibility of a *metaspecies', i.e. ‘that organisms containing A. za are not members 
of an exclusive species’. This situation could have come about if a small population 
of the putative common ancestral taxon of the two species had become isolated and 
evolved as A. madagascariensis while the larger A. za population retained the com- 
mon ancestral bond. There are clinal variations between northern and southern 
populations in a number of characters that require further detailed analysis before 
any infraspecific classification such as that proposed by Perrier de la Bathie is con- 
sidered (1952a). 


4.8 Adansonia gregorii 


An official plant collector for the Royal Botanic Gardens, Kew, Alan Cunningham, 
first discovered the 'gouty-stem tree’ while serving as the naturalist on HMS 
Mermaid under Captain Phillip Parker King (see Chapter 1). Cunningham only saw 
the leaves and fruit and mistakenly believed from its fruit that the tree was a species 
of Capparis. In a quotation from Cunningham’s manuscript King (1827) wrote: 


It was at this time in the earliest stage of foliation, the extremities of the naked branches 
appearing green; and one bud that had opened exhibited the character of folium 
quinatum. 


Cunningham did not describe the tree or provide a specific name in the report on 
his botanical discoveries (Cunningham in King 1827). However, he called it 
Capparis gibbosa on the label of the holotype from Careening Cove, South 
Grailbourne Island, Western Australia, deposited in the British Museum of Natural 
History (Cunningham 308). The holotype is believed to have been taken from the 
"Mermaid Tree' (Plate 1). Cunningham also referred to it as Capparis gibbosa in 
his unpublished diary: 


Two species of Capparis abound in the bushes, of the same kind as those seen at Vansittart 
Bay last year; the arborescent gouty species of this genus (Capparis gibbosa A. Cunn.) 
which was first observed on the shores of Cambridge Gulf, is frequent here, growing to an 
enormous size, and laden with large fruit. 


He noted that the gouty-stem tree bore a superficial resemblance to the African 
baobab. The name Capparis gibbosa was considered validated by the description 
accompanying the posthumous publication of extracts from his diary by Heward 
(1842a, b; Baum 1995b; Brummitt 2002; Kenneally 2004). See Chapter 1 for an expla- 
nation why the Cunningham collections are at the British Museum and not Kew. 

Dr. Ferdinand Jacob Heinrich von Mueller was the botanist on the North 
Australian Exploring Expedition of 1855—1856 under the leadership of A. C. 
Gregory (see Chapter 1). He recognised the gouty-stem tree as a relative of 
Adansonia digitata and named it A. gregorii in honour of the Expedition's leader 
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(Mueller, 1858). His brief description of A. gregorii (Mueller 1857a) is based on his 
own collections from the coastal plain and riverbanks of the Victoria and 
Fitzmaurice Rivers and elsewhere on Pearce Point in Northern Territory. Of these 
Baum (1995b) designated Mueller s.n. from the Victoria River (MEL 229658) as 
the lectotype. 

Mueller was certainly aware of the gouty-stem tree as he cited the works of 
Cunningham in King (1827) and Stokes (1846) but apparently did not consult those 
of Grey (1841) or Cunningham’s edited diaries in Heward (1842a, b). It is whether 
the recognition of the species as a baobab was solely his own work inspired by 
Cunningham’s observation on the similarity of the gouty-stem tree to the African 
baobab, or whether Thomas Baines, a fellow expedition member, recognized the 
similarities in the fruits and informed him of them. As early as 1855 both Sir 
William Hooker and his son Joseph had tried to persuade Mueller to work on the 
Australian flora at Kew but he did not take up their offer. Had he done so he would 
have seen the collections of Cunningham and Grey in London (Morris 1974). 

The naturalist William Saville-Kent (1897) referred to the boab tree in his 
travelogue as Adansonia rupestris. He reported the species as being ‘well 
exemplified by the figure of a fully foliaged tree’ in plate V, which, in the absence 
of any herbarium specimens being collected by him, is designated as the holotype 
(Baum 1995b). 

The Swiss botanist Hochreutiner visited Broome, Western Australia, and 
described a third species, which he had collected from outside the police station, 
Hochreutiner 2848 (holotype, G), which he named A. stanburyana (Hochreutiner 
1908). He did not see the fruits, although the tree is notable for its abundant small 
globose fruits. However, the various rather minor distinguishing features noted by 
Hochreutiner for separating A. stanburyana from A. gregorii could well have been 
juvenile traits. There are insufficient differences to warrant any species differentia- 
tion (Baum 1995b). 

Travelling with the 1921 Kimberley Exploration Expedition, the botanist 
Charles Austin Gardner (1896—1970) noted boab trees bearing either ellipsoid fruit 
22—25 cm long or ovoid fruit 11—13 ст in diameter. Both forms occurred in the 
same locality but never on the same tree. They were the only differences he was 
able to find. Such differences are comparable with the fruit varieties of A. digitata 
recognised by Chevalier (1906) but not upheld by Baum (1995b) as distinct 
varieties. Gardner also noted that the young leaves were perfectly glabrous (Gardner 
1923), which was one of the characters selected by Hochreutiner (1908) when 
describing A. stanburyana. 

That C. gibbosa and A. gregorii were the same species was not noticed until the 
1980s when the Australian taxonomist Dr. Gordon Paul Guymer (1953-) saw 
Cunningham's specimen in the British Museum and recognised the nomenclatural 
priority of the earlier name. He accordingly annotated several specimens at the 
British Museum and Kew as 'A. gibbosa (Cunn.) Guymer' but did not publish the 
new combination (Macfarlane and Guymer 1995). David Baum saw the annotations 
during the course of his Ph.D. studies of the genus and the combination A. gibbosa 
(Cunn.) Guymer ex D. Baum was eventually made in Baum (1995b). 
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Later Wilson and Guymer (1999) argued that, because the boab had been known 
as A. gregorii since 1857, and the new combination of A. gibbosa, based on the 
exhumed name Capparis gibbosa and subsequently identified by Gordon Guymer 
with A. gregorii, was made for purely nomenclatural reasons. Since Article 14.1 of 
the Code urges botanists to conserve species names against any disadvantageous 
replacement for purely nomenclatural reasons, the more familiar name should 
stand. The case was placed before the Committee for Spermatophyta, who voted 
9-6 in favour of A. gregorii, thus reaching the required 60% majority required for 
acceptance (Brummitt 2002; 2004). 


5 Zoological Genera of Adansonia 


Homonyms are unacceptable within botanical taxa or within zoological zoa (see the 
International Code of Botanical Nomenclature and the International Code of 
Zoological Nomenclature) but not between them. For example, Adansonia is a 
validly published mollusc name in Donovania subgenus Adansonia, now a junior 
synonym for Chauvetia, a buccinid snail (Agnasson 2000). 

While cataloguing spiders, the arachnologist Bonnet (1939) misread Saville- 
Kent’s (1893) observations of the web spun by a theridiid spider in a baobab as 
referring to Adansonia, a new genus of spiders in the family Theridiidae, a name 
that was not taken up by later arachnologists. 

According to the International Commission of Zoological Nomenclature 
(1999) Bonnet’s name, apart from other considerations making it a nomen nudum, 
was also a later homonym of the mollusc Adansonia, and therefore unacceptable. 
(Agnarsson 2000). 


Chapter 13 
Distribution and Ecology 


The natural distribution of the baobabs is, because of their longevity, often difficult 
to distinguish from introductions by man. The question often arises as to which 
came first, the tree or the village. 


1 Native or Planted? 
1.1 Adansonia digitata 


The baobab is often associated with habitation. For example, in Nigeria Lely (1925) 
noted baobabs present in the majority of large towns, and Jackson (1970) provided 
photographs of Gusau showing baobabs growing within the old village boundary 
wall. In Kenya Hobley (1922) commented on the number of groves of baobab trees 
associated with sites of old, ruined, coastal townships between Lamu and Vanga, 
which he attributed to discarded seeds cast upon household middens. Doubtless 
goats would have destroyed any germinating seedlings while a township was occupied 
but, once the site was abandoned, more recently discarded seeds would have 
survived. Conversely, there is a venerable baobab in the ruined Arab coastal settle- 
ment of Jumba la Mtwana near Mtwapa, established in AD 1350. This was one of 
many coastal settlements where Arab sailors waited for favourable monsoon winds 
to cross the Indian Ocean. The tree is estimated to be 1,000 years old, predating the 
settlement (Mangat 2001). 

Proctor-Cooper and Record (1931) reported a large baobab at Cape Palmas, 
Liberia. According to Voorhoeve (1965) the baobab belongs ‘to a vegetative type 
not occurring in Liberia’. Since no other baobabs have been recorded from the 
Guineo-Congolian regional centre of endemism between Guinea and the Ivory 
Coast (White 1983), it is reasonable to assume it had been introduced. Neither is 
the baobab native to the Central African Republic; the baobab at Sibut (formerly 
Fort Sibut) grew from a seed sown by Auguste Chevalier in 1914 (Aubréville 1950; 
Adam 1962). It is believed that the baobab in Gbado-Lite, in the Democratic Congo 
Republic, was also introduced despite the place name. This is derived from Gbado 
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te Lite in Ngbanda, i.e. Gbado [baobab] de [te] Lite (the customary title of the local 
clan chief) (Monuc 2005). 

Such association of baobabs with habitation has misled a number of observers 
to state that they must have grown from seeds dispersed by man. While Chevalier 
(1906) may well have been correct in suggesting that the rather poor specimen in 
Tombouctou (Timbuktu) had been planted, his sweeping statement that all other 
inland baobabs are the result of past or present human habitations, and that only the 
baobabs along the Atlantic coastal plain have grown spontaneously, must not to be 
taken too seriously. Blench (2001) suggests that the baobabs marking the migration 
routes of the nomadic Ешбе (Fulani) have grown from discarded seeds. It is also 
possible that the migration routes followed the baobabs. Saville and Fox (1967) and 
Rosevear (1961) also believed that baobabs were not native to Sierra Leone or the 
Gambia because they only occurred around habitation. The reference by Cadamosto 
(Crone 1937) to numerous baobabs seen along the Gambia River in 1456 did not 
mention any nearby habitation; Williams (1907) also noted that baobabs were plen- 
tiful. There are no signs of habitation near the baobabs along the banks of the River 
Congo [Zaire], pictured in Tuckey (1818). However, such evidence is inconclusive, 
for villages could have moved, a not unusual event where shifting cultivation is 
practised. 

There are baobabs growing on the volcanic islands of Fogo and Santo Antao, in 
the Cape Verde Archipelago, 445 km off the coast of West Africa. The islands were 
uninhabited prior to their discovery by the Portuguese in 1456, and colonised in 
1462; it is believed that slaves introduced the baobabs. Another baobab, well 
known to mariners, also grows on Sao Tiago [St. Jago], Charles Darwin reported 
seeing it in 1832, and Joseph Dalton Hooker collected a herbarium specimen in 
1839 (Hooker 1849; Bennet 1860; McCormick 1884; Chevalier 1935; White 1983; 
Desmond and Moore 1991).6 

In the Gulf of Guinea baobabs are recorded from the islands of Bioko (Fernando 
Póo), Principe, Sáo Tomé and Annobón. All three islands, apart from Bioko, were 
uninhabited prior to their discovery by the Portuguese in 1470-1471. Much of the 
islands’ lowland vegetation has been destroyed through cultivation (Sobrinho 
1953; Monod 1960; Espirito Santo 1969a, b; Exell 1973; White 1983), making the 
status of the baobabs uncertain but they too were probably introduced. On Principe 
and Sao Tomé, baobabs occur in parkland with two woodland forest species, 
Rauvolfia dichotoma and Trema orientalis syn. Т. guineensis (Monod 1960). The 
association suggests that the baobab was introduced, although Monod does not 
include A. digitata among his list of introduced species. 

There are obvious examples of planted trees in some large towns, such as the 
avenues of trees in a village near the Gambia River, and others in Funtua, Nigeria, 
and Malakal, Sudan (Struvé 1925; Jackson 1970; Wickens 1982a). Giffard (1974) 
noted that baobabs were sometimes planted in Senegal and Gijsbers et al. (1994) 
mentioned baobabs planted near settlements in Burkina Faso. In Mali Sidibé et al. 
(1996) and Sidibé and Williams (2002) reported Dogon, Kagolo and Bambara 
villagers sowing baobab seeds in their courtyards. When the seedlings were 2-3m 
tall they were planted around the edges of their fields as boundary markers. Because 
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water was scarce, the Dogon people planted baobabs next to their toilets so that 
they could use the waste water to obtain better growth. Seedlings were also raised 
and planted around homesteads in the Sudan (Bella et al. 2002). 

Between 1843 and 1850 naval officers from Senegal introduced the baobab into 
Gabon — French colonies at that time were the responsibility of the navy and were 
governed by naval officers. Urbanisation has reduced the eight or ten baobabs at 
Fort d' Aumále, Libreville, to only two (Walker 1953; Raponda-Walker and Sillans 
1961; West 1972; Villiers 1973). The baobabs at Achimota, Ghana were also 
planted (Baker and Harris 1959). 

There are several examples of baobabs being cultivated in Zimbabwe gardens, 
including Greenwood Park in central Harare and at 14 Arcturus Road, Highlands. 
The latter, at 1,520 m, is believed to be at a higher altitude than any other natural or 
planted baobab in Zimbabwe (Mullin 2003). 

In South Africa, an avenue of 20 baobab saplings was planted in 1933 at Genoa 
Farm, near the Botswana border. There are surprising differences in trunk diame- 
ters, which Breitnebach (1985) attributed to genetic variation. The trees are now 
affected by sooty mould (Mayne 2006, personal communication). Baobabs are 
scarce in the region yet, in a letter to the Forestry Department, the then owner of 
the farm claimed that ‘these were obtained from the veld here’. 

Baobabs have been planted in botanical gardens, including the Institut Frangais 
d'Afrique Nord in Dakar, Bingerville in Ivory Coast (Adam 1962), Nelspruit, 
Durban and Pretoria in South Africa. The one planted in 1965 in Pretoria had only 
grown 5m by 1988 due to the cold (Killick 1988); another was grown in a glass- 
house at Kirstenbosch for 29 years before being planted outside in the rockery 
(Anonymous 1981). 

The inhabitants of many rural communities took advantage of the shade and 
utility provided by existing baobabs when siting their settlements. The baobab’s 
prominence and shade makes it an obvious choice for a community meeting place. 
The former Kanuri capital of Bornu in northern Nigeria was given its name of Kuka 
because a young baobab (kúka in Kanuri and Hausa) was growing on the spot 
where Muhammad el-Amin el-Kanemi founded the new capital in 1814. The town 
was later destroyed, and was rebuilt by el-Kanemi’s son Sheikh ‘Omar with an 
eastern town for the court and a western town for the populace. It was renamed 
Kukawa, meaning billa kúkawa, the town filled with kúka trees (Barth 1965; 
Nachtigal 1971). Including the vernacular name for ‘baobab’ in the name of a 
village or township implies that the tree was in situ before the habitation, e.g. Osé 
in southern Nigeria (osé = baobab, Yoruba). 

Nachtigal (1971) cited several examples of villages in the Sudan that were without 
wells, where people relied entirely on the water stored in hollow baobabs for their 
survival during the dry season. Clearly these villages must have been established in 
the presence of the baobab. This is confirmed by Blunt (1923), who claimed that 
90% of Hamar villages in western Kordofan were entirely dependent on baobabs 
for their water. 

In recent years the introduction of boreholes has obscured this relationship 
between the baobab and settlements, leading many observers to suggest that baobabs 
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have been widely planted in settlement areas. For this to be true, some villages would 
have had to be established on those sites for a thousand years or more. There appears 
to be no archaeological evidence of such ancient village/baobab associations, 
although Mauny (1961) cited examples of baobabs growing on shell middens in 
Senegal. Certainly the distribution of the baobab plotted from aerial photographs of 
Kordofan Province, Sudan, showed the baobab to be largely confined to the seepage 
zones bordering the interdunal depressions and fossil waterways of the Pleistocene 
sand sheet. Such sites are similar to some of the baobab’s natural habitats in the Sahel 
and typical of those that would naturally be chosen for settlement. 

While it is apparent from Alpini (1592) that the baobab was cultivated in Cairo 
(see Chapter 1), Schweinfurth (1887) does not mention its cultivation in ancient 
Arab gardens, although baobabs were certainly still being grown in Cairo during 
the 19th century as ornamental trees. The baobab on Roda Island, Cairo is no longer 
extant, while a rather young specimen is now growing on Plant Island, Aswan 
(Ascherson and Schweinfurth 1887; Draper 1895; Societé Horticole d’ Alexandrie 
1901; Boulos 2002, personal communication). 

Egyptians, Phoenicians, Greeks, Romans and Arabs all knew the Indian Ocean. 
The Ist century AD Periplus Maris Erythrae describes the maritime trade routes 
operating in the Indian Ocean between the Red Sea, East Africa, Arabian Gulf and 
Malabar Coast of India, extending eastwards via the Strait of Malacca to Canton 
and the Philippines (Cary and Warmington 1963; Casson 1989). 

McMaster (1966) and Datoo (1970, 1974) describe the way in which Arab 
traders, with their lateen-rigged, ocean-going dhows, were able to make use of 
monsoon winds and associated seasonal current reversal to cross the western 
Indian Ocean, the potentialities of which had been realised and exploited well 
before 500 BC (Fig. 31). 

There is strong evidence that Arab traders, or their slave cargoes, were responsi- 
ble for introducing the baobab to Zanzibar, Madagascar, India, Sri Lanka, Penang, 
Java and the Philippines (Corner 1952; Maheshwari 1971; Armstrong, 1979; 
Jayaweera 1981). 

An inscription in Zanzibar records the construction of a mosque in AD 1107, 
evidence that there were already well-established Muslim settlements on the island 
by that time. Trading links between Zanzibar and Madagascar were certainly estab- 
lished by 1300 and, for a while, the ruler of Zanzibar seems to have exercised a 
form of sovereignty over parts of Madagascar. Arab traders from Zanzibar are 
believed to have introduced A. digitata to the Mahajanga (Majunga) region, 
Madagascar; the specimen near the sea front in Mahajanga town is quite famous. 
A. digitata grows in the northern part of Madagascar, in precisely the area with the 
greatest trading links with Zanzibar. 

Elsewhere in the Indian Ocean the baobab was introduced to Ngazidja (Grande 
Comore), Mayotte, Seychelles (Mahé, St. Anne and Cerf), Mauritius and Rodrigrues 
(Thompson 1816; Jumelle and Perrier de la Bathie 1910; Perrier de la Bathie 1936, 
1952b; Perrier 1955; Miége 1974; Armstrong 1979; Wickens 1982a; Guillaumet 
1984; Marais 1987; Robertson 1989; Baum 1995b; Penrith and Penrith 2000; 
Carpentier 2006). 
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Fig. 31 Mediaeval Arab trade routes in the northern Indian Ocean and the distribution of 
Adansonia digitata introductions in India. (From Burton-Page 1969; Armstrong 1979.) 


The earliest record of a baobab in Mauritius, one that Thompson (1816) 
considered already naturalised, is 1815. The Portuguese discovered the island in 
1598; it was a Dutch colony from 1638 to 1710, and a French possession from 1715 
to 1810, when the British occupied the island. Armstrong (1979) thought its intro- 
duction should be attributed to the French, with Madagascar or even parts of former 
French Africa as the original seed source. Since the age of the tree is not known, 
the date of its introduction cannot be established. 

The baobab is fairly widely distributed through parts of India but it is poorly 
utilised there (Ledin 1957; Burton-Page 1969; Vaid and Vaid 1978). It is often 
associated with temples, shrines and religious ceremonies. It could be argued that 
the temples followed the trees (as in the founding of Kukawa in northern Nigeria). 
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If that were the case, such trees would be either an early introduction during the 
Krishna period, c. 2500 BC (Vaid 1978a, b), or native, linked to the baobabs of 
Oman. However, the baobab cannot be identified in any Sanskrit writings; nor does 
it have a Sanskrit name. Although such negative evidence is far from conclusive, it 
does suggest a more recent introduction (Burton-Page 1969). 

Burton-Page found the common name for the baobab in parts of India strongly 
suggestive of its African origin: 


The baobab’s onomastic status is suggestive. In Malwa it is known as Khurásáni imli, in 
Bijapur as Górakh imli, in both cases taking part of its name from the Tamarind, the true 
imli (Tamarindus indica). The confusion is already found in c. 1595 in Abu'l-Fazi's 
description of Malwa: “here the tamarind grows as large as a coconut, and its fruit is 
extremely white". I can imagine no two trees less likely to be confused from the appear- 
ance of stem, leaf or fruit ... the epithet Khurásáni is fanciful, for the tree is unknown in 
Khurasan, it seems to be no more than an elegant word meaning "foreign". 


Burton-Page also suggested that the tree's spread in India might have been for a 
*cult purpose' similar to that found in Africa. Some suggested that the baobab 
could be identified as the mythical wishing-tree kalpavriksha (Baden-Powell 
including Wilson 1878; Sinha 1979) (see Chapter 3). Others maintain that the 
kalpavriksha is more likely to be the banyan tree, Ficus benghalensis, so named 
after the ‘banians’ (traders) often seen resting beneath its canopy (Maheshwari 
1971). Unfortunately, the illustrations of the wishing tree are so stylised that no 
positive identification is possible. 

The baobab's distribution localities in India correspond remarkably well with 
areas under Moslem control during the late 12th century. Local tradition associates 
the baobab with early 13th century Arab traders, since the trees were ‘generally 
found most abundant about the old ports frequented by the early Mohammedan 
traders' (Burton-Page 1969). It could even have been introduced as early as the 7th 
or 8th centuries. 

The baobab was introduced in Mogul times around Allahahabad and in the 
Gangetic valley as far as Kolkata (Calcutta) but always through planting (Yule and 
Burnell 1903). The Mogul Empire was founded in 1526 and survived until 1761, 
finally collapsing in 1857. The baobab is common around Janjira, Chaul, Surat, 
Mumbai [Bombay], parts of Bengal and the Sundarbans (tidal forests at the mouth 
of the Ganges). Singh (2003) says that, according to historical records, a baobab 
growing on the banks of the Ganges at Jhushi came from a seed planted by travel- 
ling saints from Arabia (Muslim missionaries?), c. 450-400 years ago, when 
Khamboj was ruler of Jhushi. 

The inland distribution shows a strong correlation with areas under former 
Moslem control, where large numbers of Habshis settled. In early Islam the term 
Habshi, literally ‘Abyssinian’, referred to slaves of Ethiopian origin. In India the 
term is applied to Bantu and Somali slaves, imported from the Horn of Africa, and 
their descendants. Between 1333 and 1342 Ibn Battuta (1929) travelled from the 
north of India to Sri Lanka and reported that Habshis were guards and men-at-arms 
on both land and sea. They were present in Gujarat in the mid-14th century, and 
well established in the Deccan at the time of Firuz Shah (1397-1422), ruler of the 
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Bahmani Kingdom. They also controlled the island of Janjira near Mumbai since 
the early 16th century, although long before that, Habshis formed a major part of 
the Muslim navies on the Malabar Coast (Burton-Page 1965). There is evidence of 
Habashi in north India early in the 13th century, but their presence expanded 
greatly during the 14th century. 

Baobabs are particularly abundant around former army camping sites, such as 
Nálcha, the abandoned Muslim capital south-west of Indore, now a suburb of 
Mándu [Dhar], Madhya Pradesh, (Firminger 1874; Burton-Page 1965, 1969). Watt 
(1885) described Mándu as being overrun with baobabs as other ruins are with 
pipul (Ficus sycomorus), while Singh (2003) reported a baobab avenue at the ruined 
Mándu fort, the former capital of the Paramara rulers of Malwa region and, towards 
the end of the 13th century, of the Sultans of Malwa. A. digitata also grows in 
botanic gardens, zoos and arboreta in Kolkata, Lucknow and Mumbai (Firminger 
1874; Maheshwari 1971), and in the Baldha Garden at Dhaka (Dacca) in 
Bangladesh. 

Maheshwari (1971) suggested that baobabs were introduced into India during 
the Mogul period, although in view of the above discussion, this would appear to 
be rather late. Vaid (19782) accepted the conventional view that Arab, Portuguese 
and French traders may have been responsible for introducing at least some of the 
baobabs. However, he also argued from the interdisciplinary perspective of mythol- 
ogy, archaeology, botany and phytogeography, that Indian seamen could also have 
introduced the baobab in the course of their voyages around the Arabian Sea and 
adjacent parts of the Indian Ocean. Unfortunately, many baobabs become hollow 
with age, making core sampling and carbon dating impossible. Therefore the 
baobab's introduction cannot be conclusively dated. 

Ugemuge (1986) mentioned that there were 'red-flowered A. digitata trees’ 
growing on Ambazair Hill, Nagour, but his description is too poor for the identity 
of the species to be determined. 

In the drier, northern part of Sri Lanka (around 1,000 mm annual rainfall), a few 
trees have long been established on the mainland at Jaffna, and in the low, thorny 
scrub around Mannar; it is said that one large baobab near Mannar was planted in 
1477. Baobabs also occur on the islands of Mannar and Delft. On Delft the baobabs 
grow in palmyra (Borassus flabellifer) and coconut (Cocos nucifera) plantations, 
and bear fruit annually. Arab traders are believed to have introduced these baobabs 
in about the 10th century; their trading interests in the area were in the extremely 
fine pearl banks off Arippu. 

Baobabs were also planted at Batticaloa and the Botanic Gardens at Peradeniya 
in Sri Lanka, Baldha Gardens in Pakistan (not recorded by Qaiser (1978) in the 
Flora of West Pakistan), Penang Botanic Gardens in Malaysia and the Kyoto 
Botanic Garden in Japan (Bennett 1860; Macmillan 1954; Eriyagama 1961; Robyns 
1970, 1980; Jayaweera 1981; Thomas 2004). 

In the Pacific the baobab has been introduced to Malaysia, Taiwan, China 
(Guandong, Fujian and Yunnan), Java, Philippines, Hawaii (Honoluhu and Manoa 
Campuses of the University of Hawaii) and New Caledonia (Maheshwari 1971; 
Wickens 1982a; Verheij and Coronel 1991; Baum 1995b). 
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In the Caribbean the baobab has been introduced to Guyana, Curacao and 
St. Eustatius in The Netherlands Antilles, Trinidad, Tobago, Grenada, Barbados 
(introduced from Guinea in c.1738), Martinique, Dominica, St. Kitts, Nevis, 
Antigua, US Virgin Islands (St. John, St. Thomas and especially St. Croix), Puerto 
Rico, Haiti, Jamaica, Cuba and the Bahamas. 

The baobab is a fairly recent introduction to Martinique, from seeds of fruit 
brought by slaves for food (Adanson 1763). French immigrants are said to have 
taken it from Haiti to Cuba, and in 1912 seed from Cuba were sent to the 
Fairchild Botanical Garden in Florida. Hinton East grew the first Jamaican 
baobab from seed some time between 1770 and 1792; the tree is no longer 
extant. In 1887 baobab seedlings were being shipped from Jamaica to Cuba and 
elsewhere. Despite such activity, there are no baobabs in any of Jamaica’s 
botanic gardens today (Richard 1846; Fairchild 1931; Rashford 1986, 1987, 
1994b, 1997a; Baum 1995b). 

Dutch slavers, or their Portuguese successors, are believed to have been respon- 
sible for introducing A. digitata to northern Brazil. There is a fine specimen in an 
ancient plaza in the centre of Recife. 

A solitary A. digitata from a local government nursery was planted some 30 
years ago at Lombadina, an Aboriginal settlement on the Dampier Peninsula, 
Western Australia, and is growing well (Willing 2002, personal communication). 
The baobab is also cultivated in the Brisbane, Darwin and Sydney botanic gardens 
(Anonymous 2005b). 


1.2 Malagasy Adansonia Species 


Six of the eight species of Adansonia have been planted in the Lowveld National 
Botanic Garden at Nelspruit, South Africa. 

A. grandidieri is cultivated in Australia at the botanic gardens in Brisbane and 
Darwin. Several specimens of A. suarezensis have been planted in Madagascar at 
Antsirana and in nearby villages, including Ivovona; others are cultivated in the 
botanic garden at Darwin. The specimen of A. perrieri in the Paris Herbarium col- 
lected by Perrier de la Báthie (17560 bis, Lac Alaotra, Toamasina Province) may 
have been taken from a cultivated specimen. A. perrieri is also cultivated in the 
Jardin Naturel in Réunion and in the botanic gardens at Darwin. 

A. rubrostipa is cultivated in Australia at botanic gardens in Adelaide and 
Darwin. Cultivated specimens of A. madagascariensis are known from Soalala, 
Mahajanga Province, Madagascar, the Comoros Islands, and in the botanic gardens 
of Adelaide and Darwin; specimens have also been grafted onto A. gregorii stock 
at Broome, Western Australia (see Chapter 10). 

Cultivated A. za are recorded from the Jardin Tsimbazaza, Madagascar, the 
National Botanical Research Institute Botanic Garden at Lucknow, India, and the 
botanic garden at Darwin (Baum 1995b, 1996; Anonymous 2005b). 
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1.3 Adansonia gregorii 


During recent road-widening in the Shire of Wyndham-East Kimberley, Western 
Australia, boabs were removed and transported to Wyndham Port and, several 
weeks later, successfully replanted. All the boabs in the town of Broome have been 
planted. A few individual trees occur on the western shore of King Sound. 
Aborigines may have introduced them since they are often found close to middens. 
The boab is also cultivated in Darwin, Northern Territory and in botanic gardens at 
Adelaide, Darwin, Hobart, Mount Annan, Perth and Sydney. A specimen tree of 
A. gregorii is growing in the Indian Botanic Garden at Howrah, Kolkata; there is 
another in Java (Pilj 1955; Armstrong 1983; Anonymous 1985, 2005b; Baum 
1995b; Thomson 2002; Seddon 2005). 

A baobab was planted in 1912 at El Saff in Egypt from seed obtained from 
Wahroonga, Sydney, New South Wales (Bircher 1960); it is believed to no longer 
exist. Given the source of the seed, it was probably A. gregorii. 


2 Natural Distribution and Ecology 


The genus Adansonia is almost exclusively confined to the Old World tropics, 
extending only a few degrees south of the Tropic of Capricorn in Africa and 
Madagascar. One species, A. digitata is native to tropical Africa, with an extension 
into southern Arabia, six species are endemic to Madagascar, and the boab, A. gregorii, 
is confined to north-west Australia. 


2.1 Adansonia digitata 


Patterns of plant distribution are determined and classified. White (1983) has devel- 
oped a non-hierarchical classification of vegetation types for Africa and Madagascar 
based on physiognomic distinctness, combined with phytochoria based on the rich- 
ness or otherwise of their endemic flora at species level. 

A phytochorion (plural phytochoria) was initially defined as a floristic unit of any 
rank, such as a Region or any of its subdivisions. At first White (1983) argued that 
the Region was the fundamental unit of phytochorology and that most other units 
were superfluous, therefore he did not subdivide the regional phytochoria for his 
Vegetation map of Africa. However, a later study of the Sahara—Sindian regional zone 
by Léonard (1989) recognised a Saharan and an Arabian regional subzone, also a 
Nubo-Sindian local centre of endemism (White and Léonard 1991; White 1993a). 

The concordance of the two systems confirms the objectivity of the mapping units, 
and the syncretic system provides a means of designating broadly similar vegetation 
types (Fig. 32). The system has the great advantage of flexibility, avoiding rigid 
artificial boundaries by including transition zones between the regional centres. 
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Fig. 32 The distribution of Adansonia digitata and the main phytochoria of Africa, Arabia 
and Madagascar. Regional centres of endemism: (I) Guineo-Congolian; (II) Zambesian; 
(III) Sudanian; (IV) Somalia-Masai; (V) Cape; (VI) Karoo-Namid; (УП) Mediterranean; 
(VIII) Afrommontane archipelago-like; (XIX) East Malagasy; (XX) West Malagasy. Regional 
transitional zones: (X) Guinea-Congolia/Zambezia; (XI) Guinea-Congolia/Sudania; (XIV) 
Kalahari-Highveld; XVI, Sahel; (XVII) Mediterranean/Sahara. Regional mosaics: (XII) Lake 
Victoria; (XV) Tongaland. Regional zone: (XVII) Sahara-Sind. (From White 1983; Léonard 
1989; White and Léonard 1991.) 


The relevant physiognomic terms used by White (1983) are briefly summarised 
as follows: 

Forest is defined as a continuous stand of trees 10—50+ m tall, with the crowns 
of individual trees interdigitating or overlapping each other. The African forests are 
mainly evergreen or semi-evergreen, though deciduous forests occur locally. 
However, in Madagascar deciduous forests are widely distributed on the drier, 
western side of the island. Scrub forest is intermediate in structure between tree 
forest and bushland and thicket. 
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Woodland consists of open stands of trees whose crowns form a canopy from 8 
to 20m in height and cover at least 40% of the surface. Wooded grassland is where 
woody plants cover 10-40% of the land surface. Transition woodland occupies the 
zone between forest and woodland. 

Bushland is where >40% of the land is covered by bushes, usually 3—7 m tall. 
Bushes are defined as woody plants intermediate in habit between a shrub and a 
tree. Thickets are where the bushes are so interlaced as to be impenetrable except 
along animal tracks. 

Shrubland is land dominated by shrubs ranging from 10cm to >2m high. Their 
presence is determined by adverse climatic and edaphic conditions. 

Shrub woodland is intermediate between true woodland and bushland. 

Grassland is land covered by grasses and other herbs, largely determined by cli- 
matic and edaphic conditions, while secondary grassland follows clearances of 
other vegetation types by fire and human interference. 

The distribution of A. digitata, drawn from herbarium specimens, literature and 
field observations, is shown in Fig. 32. This dot map records only the general loca- 
tion, not species density. For example, there are large, dense baobab populations in 
western Senegal, and each dot on the map represents a large population. My field 
notes from the Sudan record 65 widely spaced individuals or small groups of indi- 
viduals scattered over 66,530 Кт? of central Kordofan, yet the concentration of dots 
for the Sudan and western Senegal is similar. 


2.1.1 Climate 


The eco-climatic classification of Le Houérou and Popov (1981) is shown in Table 27. 
The eco-climatic maps of Africa and Madagascar by Le Houérou and Popov (1981) 
and Le Houérou et al. (1993) are shown in Fig. 33. 

The distribution of A. digitata in tropical Africa extends from arid and very arid 
regions of the Sahel in the north to arid regions in the south, with minor incursions 
into sub-humid regions. The baobab penetrates further into the more humid regions 
north of the equator than it does south of the equator. 

Despite the similarity in rainfall distribution patterns, the climates of the 
Sudanian and Zambezian zones are not identical. Their temperature regimes are 
different due to altitudinal differences. Temperatures are higher in the Sudanian 
zone, with mean monthly maxima of 35—38?C compared with 23-32°С in the 
Zambezian zone. The mean minima of the two zones аге 10-15?C and 5-10?C 
respectively (Le Houérou and Popov 1981). 

Of particular interest is the Dahomey Gap. This is an isolated sub-humid coastal 
zone in the Gulf of Guinea, extending from the Slave Coast of western Nigeria to 
the Gold Coast of Ghana. This is due to an up welling of relatively cold water from 
the Guinea Equatorial Current in the Bight of Benin, and the orientation of the coast 
to the rain-bearing winds. An annual rainfall of 2,000—4,000 mm occurs where the 
shoreline faces the SW monsoon, i.e. from Senegal to the Ivory Coast and Nigeria, 
but drops to 700—1,200 mm in Ghana, Togo and Benin, where the shorelines are 
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Fig.33 The eco-climatic regions of Africa and Madagascar. (From Le Houérou and Popov 1981; 
Le Houérou et al. 1993.) 


Table 27 Tropical climates (monomodal rainfall regime) and their corresponding ecological 
regions in Africa and Madagascar. (Adapted from Le Houérou and Popov 1981.) 


Length of wet Ecological regions 
Sub-climates Rainfall (mm) season (months) (White 1983) 
1. Hyper-humid 21,500 >10 Guineo-Congolian 
2. Humid 1,000-1,500 8-10 Guineo-Congolian transition zones 
3. Sub-humid 600—-1,000 5—7 Sudanian, Zambezian, 
Zanzibar—Inhambane 
4. Semi-arid 400—600 4—5 Sudanian, Zambezian, 


Zanzibar-Inhambane, 
Kalahari-Highveld 


5. Arid 100—400 3-5 Sahel, Somalia-Masai, 
Kalahari-Highveld 
6. Very arid 50-100 2-3 Sahel, Somalia-Masai 


7. Hyper-arid « 50 0 Sahara, Karoo-Namib 
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either parallel with or at an acute angle to the monsoon winds. The dryness of the 
plains is further accentuated throughout the year by the desiccating action of strong 
onshore breezes (UNESCO 1979; White 1983; Le Houérou et al. 1993). The 
baobab may have colonised this drier coastal region, although some authorities 
suggest it was introduced. 

South of the equator, the cold Benguela Current flowing northwards from the 
Antarctic cools the western shores, producing little rain. 

The baobab is typically present in areas with 150—1,500 mm mean annual rainfall 
(Fenner 1980; Wickens 1982a; Maydell 1986), although a good seasonal rainfall, 
400 mm and above, is essential for germination and establishment. In Mauritania it 
is sometimes found in areas with as little as 90mm rainfall (Naval Intelligence 
Division 1944a) where adequate ground water is probably responsible for its sur- 
vival. Elsewhere in the lower rainfall areas of northern Sahel the baobab is either 
associated with a relatively high water table bordering major water courses, as in 
the Senegal basin, or consists of relic populations from a former higher rainfall 
regime. Many relic populations did not survive the 1967 Sahelian Drought and the 
ensuing period of low rainfall. In general the baobab grows best in regions with an 
annual rainfall of between 400 and 800 mm. There is no evidence of natural regen- 
eration in the higher rainfall areas of the Sahel, where grazing and cultivation 
pressures, and fire, have had an adverse influence. 

Deciduous facies of dry deciduous forests are susceptible to changes in the 
environment. With the reduction of bush fires, open savanna become increasingly 
closed, until it is difficult to differentiate from relict forest, e.g. Bandia woodland near 
Thiés in western Senegal, which contains both characteristic semi-deciduous forest 
species and typical savanna species such as the baobab (Menaut 1983; White 1983). 

The effectiveness of rainfall for plant growth is influenced by temperature and 
relative humidity, especially in regions of low rainfall. For example, except for in 
the more humid maritime zone, the effective rainfall for much of the Sahel is con- 
siderably less than for regions elsewhere in Africa with similar rainfall regimes 
(Le Houérou et al. 1993). 

Füssel (1992) adapted the climatograms of Walter and Lieth (1960) to produce 
agroclimatograms in order to compare temperature, precipitation, water budget and 
potential evapotranspiration at three baobab localities. In the region of Thiés, Senegal, 
the baobab forms almost closed stands. The rainy and dry seasons are well defined; 
temperature maxima and minima are relatively high. The baobab responds to such 
favourable growing conditions by storing water during the relatively short rainy 
season. The climate in Khartoum, Sudan, is arid, with only 158mm mean annual 
rainfall and relatively high temperatures. Here the baobab has been introduced and 
depends on ground water for survival. It demonstrates a fairly high tolerance to 
temperature fluctuations and water stress. At Libreville, Gabon, the baobab is also 
introduced. The dry season is very short and there is little water stress or deviation in 
temperature. The author claims that agroclimatograms can be used to demonstrate the 
potential range of a species over varying climatic conditions. However, he failed to 
take account of the high relative humidity of western Senegal compared to that in the 
baobab's habitat elsewhere in the Sahel, where the humidity is much lower. 
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Frost occurrence is defined by Le Houérou et al. (1993) as the number of days 
when the daily minimum temperature under a standard meteorological shelter is 
equal to or below 8°C, and where the mean minimum temperature of 8°C 
corresponds to an average monthly temperature of 15°C + 2°C. Thus, when the 
average daily minimum temperature of a given month falls below 8°C there is a risk 
of ground frost, although actual freezing under a clear sky usually occurs when the 
minimum shade temperature falls to —4°С + 1°C or below. 

Sensitivity to frost depends not only on the degree of frost but also on such factors 
as whether cooling is gradual or abrupt, the contrast between day and night 
temperatures, the rapidity of rise in day temperature following a night frost, and 
water content of leaf tissue and sap salt content (Le Houérou 1994). 

The baobab is widely reputed to be sensitive to frost yet its distribution in southern 
Africa clearly overlaps the frost zone shown in Fig. 32. Leger (1977) considered the 
baobabs in East Bushmanland, Namibia, to be well adapted to frost. Similarly, 
despite three successive nights with temperatures of —5?C to —7°C both well-grown 
and young baobabs at Tsumkwe, Namibia suffered no ill effect (Watson 2002, 
personal communication). Further research on the baobab's sensitivity to frost is 
clearly required. 


2.1.2 Geology and Soils 


Apart from the Atlas Mountains in the north-west west and the Cape ranges in the 
south, the African continent consists of a continuous crystalline shield, quite extensive 
areas of which are exposed. Unaltered sedimentary rocks of mainly Precambrian 
age overlie a metamorphic basement complex in some areas, while large areas of 
aeolian sands conceal older rocks of the Sahara and Kalahari basin (White 1983). 

The baobab grows on a wide range of well-drained soils, from clays to sands, but 
not on deep unconsolidated sands, where it is unable to obtain sufficient moisture or 
anchorage, as in much of the Sahel. Nor will it grow on the seasonally indurated, 
heavy clay ‘cotton’ soils of the White Nile, although it will grow on the silty soils of 
the Blue Nile, and bordering clayey soils of interdunal depressions in the Sahel. 
Although intolerant of water logging, the baobab is sometimes found on poorly 
drained soils. It will also grow on shallow lateritic and stony soils and along seepage 
lines of rock outcrops; it has even been found on crests of quartz outcrops. The rock 
types include basalts, granites, basic and acidic gneiss, sandstones and limestones; it 
is pH independent (Harrison and Jackson 1958; FAO 1988; Simpson 1995). All eight 
species of baobabs have been recorded on limestone but whether this is the preferred 
substrate or observers have made a special note of it because of the infrequent occur- 
rence of limestone remains unclear. Further field investigation is required. 

In the Tsavo National Park, Kenya, a baobab's canopy was found to reduce solar 
radiation by 45-65%, soil temperatures by 5—12%, and rainfall by 0—5096. Organic 
matter, microbial biomass, soil N, P, K, Ca, B and Cu were also significantly higher 
than in full sun. Although the mineralisable nitrogen and microbial biomass were 
significantly higher beneath the canopy than in the root zone extending beyond the 
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canopy and the grassland zone beyond that, organic matter, P, K and Ca, but not 
Mg, declined outwards from the base of the trunk. Soil moisture was higher beneath 
the canopy early in the growing season but by the end it was the same as that out- 
side the canopy. The ground cover was also greater beneath the canopy. However, 
the canopy’s beneficial effects disappeared under increased grazing pressure. There 
was an increase in availability of nutrients in the ground cover but this was offset 
by a slight fall in digestibility. The authors found that the canopy of Acacia tortilis 
had similar effects (Belsky et al. 1989, 1993a, b; Belsky 1992). 

The altitudinal range of baobabs is from sea level to about 1,500 m (in Ethiopia 
and Tanzania), but baobabs occur most frequently at 450—500 to 600—700 m. 
Surprisingly, Johansson (1999) recorded baobabs in the Irangi Hills of Kondoa 
District, Tanzania, at 1600-1750 m, in areas dominated by Brachystegia spici- 
formis-Julbernardia globiflora woodlands, but suspected they had been 
introduced. 


2.1.3 Chorology and Ecology 


The distribution of A. digitata according to the chorological zones and vegetation 
mapping units (Fig. 32) of White (1983) is described below. 


2.1.3.1  Guineo-Congolian Regional Centre of Endemism 


The baobab is absent from the lowland rain forests of the Guineo—Congolian region 
but it does occur in the transitional rain forest outliers bordering the Indian Ocean 
represented by the Zanzibar-Inhambane regional mosaic (see Section 2.1.3.7) and 
the Tongaland-Pondoland regional mosaic (see Section 2.1.3.9); it barely intrudes 
into the latter (Werger 1978; White 1983). 


2.1.3.2 Zambezian Regional Centre of Endemism 


A large part of the Zambezian region is on a plateau above 900m. The plateau 
reaches the Atlantic coast of central Angola in the west, and descends into the low, 
wide plains of central Mozambique in the east. The Zambezi River drains much of 
the region, with northern fringes of the plateau falling into the Zaire catchment. 
Kalahari sands form an almost continuous mantle in the area drained by the upper 
Zambezi. 

Rainfall is seasonal and shows a descending north to south gradient. Mean 
annual summer rainfall is 500—1,400 mm and mean annual temperature 18-24°С; 
frosts are frequent, especially in low-lying areas. The main vegetation type is dry 
forest on deep, freely drained soils. Woodland is the most widespread and char- 
acteristic vegetation over much of the region, within which three main types 
may be recognized, miombo, mopane and undifferentiated Zambezian woodlands. 
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Woodland grades into scrub woodland at higher altitudes and on shallow soils; 
thicket occurs in drier areas, and grassland (vleis) on seasonally waterlogged soils 
(Werger and Coetzee 1978; White 1983). 

Miombo is the southern African term for open deciduous woodland composed 
of fairly tall, mesophyllous trees (mainly caesalps) with a well-defined grass layer. 
Dry miombo woodland dominated by Brachystegia and Julbernardia is the preva- 
lent vegetation throughout much of the region, especially on the main plateau and 
its escarpment, where the soils are free-draining but rooting environment is 
restricted (White 1983). The baobab occurs only infrequently in miombo. 

Vollesen (1980), in a critical appraisal of the vegetation of the Selous Game Reserve 
in Tanzania, reported the baobab as a common constituent of wooded grassland on 
sandy or calcareous soils; it also occurs in woodland on shallow or clayey soils, and 
ground water forest around springs or where moving water is close to the surface. 

Mopane (Colophospermum mopane) woodlands replace bushveld and grassland 
in warmer and drier areas where the annual temperature is normally above 20°C, 
frosts are rare or absent, and annual rainfall is below 300-600 mm. The soils are 
generally poorly drained clays. The dominant tree is mopane, with the baobab a 
conspicuous emergent. The southern distribution of mopane woodlands is limited 
by frost (Cooke 1964). Frost is also said to be the factor limiting the distribution of 
Adansonia, but see Section 2.1.1. 

Baobabs occur in the drier parts of Zambia and are largely confined to the 
Zambezi Valley and its tributaries, especially the mopane woodlands, and as an 
emergent in mopane thickets in the Zambezi and Luangwa Valleys, where the 
annual precipitation is 600mm or more. 

Baobabs, and other tree species, border most seasonal pans within mopane wood- 
land in the middle Zambezi valley. In a study of the Mana Pools National Park, 
Swanepoel (19932) noted that of 124 baobabs recorded in 1984 only 88 survived to 
1988; elephants were believed to be responsible for destroying the others. 

In the Luangwa Valley, Zambia, baobabs are among the more conspicuous asso- 
ciates of tall mopane woodland; they also occur on heavier textured, black, alkaline 
soils where mopane trees are less than 15 m tall. Baobabs are also a characteristic 
species on heavier alluvial soils in valleys where open woodland or wooded grass- 
land replaces thickets that have been destroyed by fire or cultivation (Vincent and 
Thomas 1961; White 1962, 1965, 1968; Guy 1977; Werger and Coetzee 1978). 

Baobabs occur in dry woodland savanna of southern Malawi, particularly within 
the Rift Valley, where the annual rainfall is around 700 mm. Regeneration follow- 
ing shifting cultivation has resulted in thickets with emergent baobabs. On better 
soils that have been cleared for cultivation, the remaining widely spaced trees, 
including A. digitata, create a park-like effect. The baobab is also scattered through 
deciduous thickets of the Lower Shire valley (Chapman 1968; Werger and Coetzee 
1978; White et al. 2001). 

In the Nyanga Communal Lands of north-eastern Zimbabwe a baobab, now 
dead, was recorded growing at 1,330 m; others at the nearby Cheshire Farm are at 
1,240m, the highest known altitude for naturally growing baobabs in Zimbabwe 
(Mullin 2003). 
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In the mainly sloping, stony country of south-eastern Zimbabwe, the baobab is 
an associate of mopane woodlands on both granitic soils and shallow sands, of 
Colophospermum—Commiphora communities on para-gneiss and, in lower rainfall 
regions, of scrub mopane woodland on basalt clays (Vincent and Thomas 1961; 
Werger and Coetzee 1978). 

Scattered baobabs occur throughout mopane woodland savannas in the Limpopo 
River valley and in land between the Limpopo and Olifants Rivers where the 
annual rainfall is between 300 and 500mm, annual temperature is normally above 
20°C, and frosts are absent. In the north-eastern portion of the Kruger National Park 
baobabs are a characteristic associate of such woodlands on shallow soils of gra- 
nitic and basaltic origin, in areas with high average temperatures and low, around 
425 mm, annual rainfall (Brynard 1964). 

North Zambezian undifferentiated woodland and wooded grassland occurs north 
of the Limpopo and occupies, with considerable floristic variation, a wide range of 
soils. The drier portion of the Zambezian Region has extensive riparian woodland 
and wooded grassland. Baobabs occur on alluvial soils fringing larger permanent 
watercourses, such as the Adansonia—Sterculia—Kirkia—Acacia—Cordyla savanna in 
the Zambezi and Sabi river valleys. Baobabs are also a constituent of park-like, 
Acacia woodland of the Sabi valley alluvium, and occasionally of Baikiaea plur- 
ijuga woodlands on Kalahari sands and of mixed bushland on shallow, basalt, hill 
soils in western Zimbabwe. 

In western Angola, west of the escarpment that delimits the interior plateau, dry 
scrub forest occurs locally, forming dense thickets with emergent baobabs; emer- 
gent baobabs also occur on alluvial soils (Vincent and Thomas 1961; Wild 1968a; 
Werger and Coetzee 1978; White 1983). 

South Zambezian undifferentiated woodland and scrub woodland occupy the 
south-eastern extremity of the region, between the floor of the Limpopo Valley and 
the northern limits of the Highveld, and extending southwards through Swaziland 
between the northern extension of the Drakensberg and the coastal plain (White 
1983). 

In Limpopo Province emergent baobabs are found in relatively dry bushveld 
communities on dry, sandy plains at altitudes between 450 and 600m. Baobabs 
grows best on deep, well-drained sands, although they are often seen growing on 
hill and mountain slopes. In the north they occur chiefly between the Limpopo 
River and Soutpansberg (Zoutpansberg), and north-east to the north of the Olifants 
River; a few large baobabs on the southern bank of the Nwaswitsontswe River, 
some 80km south of the Olifants River. Many specimens are to be seen along the 
road to Messina (Brynard 1964; Werger and Coetzee 1978). 

At the foot of the northern slopes near the western extremity of the Soutpansberg 
lies a saline depression known as Soutpan (Zoutpan). On the northern, rocky 
slopes, baobabs are conspicuous, albeit occasional, constituents among the fairly 
common succulent flora. It is also a relatively uncommon constituent of Acacia 
nigrescens (syn. A. pallens) thornveldt (Schweickerdt 1933). 

A few baobabs occur near Bochum in Pietersburg District, at least one near the 
main road a few miles south-east of Chuniespoort, approximately 40km south of 
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Pietersburg, with outliers occurring as far south as the Waterberg and Rustenberg 
(Stapleton 1955; Cooke 1964; Killick 1968, 1988; Verdoorn 1969; Palmer and 
Pitman 1972). 


2.1.3.3 Sudanian Regional Centre of Endemism 


To the south of the Sahel lie the broad-leaved woodlands and wooded grasslands 
of the Sudanian region, a formation which is duplicated to south of the equator as 
the floristically rich Zambezian regional centre of endemism (Werger 1978; 
White 1983). 

Much of the Sudanian region consists of level or gently undulating surfaces 
lying below 750m, large areas of which are covered by superficial Pleistocene 
deposits. The mean annual summer rainfall is 500-1,400 mm, mean annual tem- 
perature is 24—28°C; frosts are absent. The dry season is severe because of the 
harmattan wind off the Sahara. 

Sudanian undifferentiated woodland lies immediately to the south of the Sahel 
and stretches from southern Senegal almost to the Red Sea. Much of the former 
woodland has been cleared for cultivation, while poorer uncultivated land has been 
degraded and replaced by secondary thicket and shrubland. Baobabs are present in 
the drier woodlands of West Africa, but are not reported from related Anogeissus 
dominated woodlands to the east of Lake Chad. 

The densest populations of baobab are to be found at Cape Verde and the Kidira 
region of Senegal, and in the adjoining Kayes region of Mali, growing on calcare- 
ous soils. Sporadic baobabs occur on the edge of a laterite carapace, along tracks 
and in open savanna. Isolated individuals or stands of baobabs are also to be found 
on shell banks of estuarine and lagoon flats, confirming their liking for calcium. On 
the basalt fle des Madeleines a few baobabs are concealed in a deep cleft, their 
wind-swept crowns barely appearing above the slope. Both here and at Mamelle, 
growth is clearly stunted by salt-laden trade winds (Adam 1962, 1968). In Burkina 
Faso baobabs are abundant on gentle slopes near broad drainage channels or 
*marigots' (Toutain 1978). Baobabs are present in the woodland savannas of north- 
ern Ivory Coast (Ambé 2001). They are occasionally found in the drier woodland 
savannas of Benin (Adjanohoun 1968), although Schreckenberg (1999) noted that 
in the Bassila region baobabs are restricted to areas around homesteads. Since people 
first moved into the area only 25—30 years ago, homesteads may have been placed 
so as to benefit from the amenities provided by the baobabs. 

Baobabs are a common farmland tree of the 1—5 m deep sands in north-eastern 
Nigeria and, together with Faidherbia albida, are left standing in fields (Keay 
1953; Holmes et al. 1999). This is a densely populated region where all fuel wood 
sources are at a premium; baobabs are left because they are useless as fuel (Nichol 
1989) or harbour spirits, and Faidherbia because it enhances crop yields (Wickens 
1969). Baobabs also occasionally occur on old termitaria in the Pleistocene lacus- 
trine and fluvatile clays and sands of north-eastern Nigeria (Ramsay and Leeuw 
1965; Cole 1986). 
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Baobabs are present in the plains of northern Cameroon (Chevalier 1906) but in 
Chad baobabs are only recorded from south of Lake Chad, on moist sands in Bongor 
Siéké near Logone (Lebrun et al. 1972). They are absent from the rest of Chad and 
reappear again in the Sudan, albeit infrequently, to the west of the Jebel Marra massif. 
Baobabs are also found along stream banks in the eastern foothills of Jebel Marra, 
and in seepage zones in the Ingessana hills (Bunting and Lea 1962; Wickens 1976). 

In southern Sudan the poorly known Anogeissus-Khaya-Isoberlinia woodlands of 
Harrison and Jackson (1958) extend eastwards from the Central African Republic to 
the White Nile. There is no mention of the baobab by Petherick and Petherick (1869) 
or Schweinfurth (1878), or in the reports and collections of the Oxford University 
expeditions in that area (Morrison et al. 1948) and Friis and Vollesen (1998, 2005). 
Sudan's Economic Botanist, J.G. Myers (no date), somewhat ambiguously wrote that 
the baobab ‘extends nearly to Bahr el Arab, one or two south of the river but near it 
at Wara Gwet. Emphatically not an Equatoria Province tree'. Due to Myers's untimely 
death in a road accident in 1942, his vegetation survey of Equatoria Province was 
never published. The trader and explorer, Carlo Piaggari, reported a few baobabs in 
the Mandu area of southern Sudan (Antinori 1868), but it is believed that Piaggari 
confused the baobab with the silk-cotton tree (Ceiba pentandra), which does grow in 
Equatoria. Although the baobab has not been recorded from the area south of Bahr el 
Ghazal and its junction with the White Nile, local Dinka, Nuer and Shilluk tribes have 
vernacular names for the baobab; these names probably date from the time before 
these tribes were forced south following an influx of Arabs into northern Sudan dur- 
ing the 14th century. 

Travelling up the Blue Nile in 1854 Beltrame (1879, 1974) noted that the baobab 
first appeared at approximately 12? N, growing on rocky outcrops in what is 
described by White (1983) as the transition zone between the edaphic grasslands of 
the Nile flood plain and the Anogeissus-Combretum hartmannianum woodland 
flanking the western slopes of the Ethiopian Highlands. The zone is dominated by 
Acacia seyal and Balanites aegyptiaca except for patches of thornless woodland 
dominated by Combretum hartmannianum, Sterculia setigera and Adansonia 
digitata. The baobab is also reported from the xerophilous open woodland of the 
Tacazze valley (Pichi-Sermolli 1957; Wilson 1977; Beals 1968; White 1983). 

Both Aubréville (1950) in West Africa and Jansen (1981) in Ethiopia commented 
on the baobab's frequent association with tamarind (Tamarindus indica), both 
species profiting from relatively moist soil. Tamarind owes its close association 
with baobabs to people or birds eating tamarind fruits in the baobab's shade and 
discarding the seeds (Owen 1970; Rashford 1997b). Surprisingly, the tamarind is 
said to be capable of pushing over a baobab and displacing it. 


2.1.3.4 Somalia-Masai Regional Centre of Endemism 
The Somalia-Masai region includes the Horn of Africa and extends south into 


Tanzania, with a floristically impoverished extension into south-western Arabia. 
Most of the region lies below 900m and the climate is arid or semi-arid, with a 
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bimodal annual rainfall of «500mm and mean monthly temperatures of 25-30?C. 
The vegetation consists largely of semi-desert grasslands, deciduous bushlands and 
shrublands, and woodlands (White 1983; White and Léonard 1991). 

A coastal zone of semi-desert grassland and shrubland, represented by species 
of Acacia and Euphorbia, stretches from Eritrea to central Somalia; the annual 
rainfall is 100-200 mm. Occasional baobabs are to be found in the semi-desert 
scrub of Ethiopia’s central Tigre and in the Chrysopogon semi-desert grassland of 
East Africa. 

The climax vegetation over much of the region is Acacia-Commiphora deciduous 
bushland and thicket. Bushland is locally dense and impenetrable, 3-4 m high, with 
scattered emergents up to 9-10 m. The emergents are mostly multi-stemmed bushes 
and shrubs, with a few tree species, such as the baobab, Acacia tortilis, Delonix elata 
and Terminalia spinosa; all these trees are noticeably absent from drier areas. The 
baobab, which elsewhere is a large tree, is here often only 8 m tall but with a massive 
trunk, 3-4m high (White 1983). Occasional baobabs occur in deciduous Acacia 
woodlands of Ethiopia. For Somalia Chiovenda (1916) reported baobabs from the 
Jubba valley, while Thulin (1999) recorded their occurrence in deciduous bushland 
and woodland in southern Somalia at altitudes up to about 250 m above sea level. In 
Kenya and Tanzania the baobab occurs between 1 and 1,250 m, and is a conspicuous 
feature of coastal bushland, deciduous bushland, woodland and wooded grassland. It 
is often left standing in cultivated areas (Beentje 1989). There are no confirmed 
reports of baobabs in Uganda (Simpson 1995). 

Baobabs are scattered through Acacia-Commiphora bushland and thicket of 
lowland Kenya, where overgrazing and browsing by game animals, especially ele- 
phants, are detrimental (Lucas 1968; Maundu et al. 1999). In Tanzania baobabs can 
be found from the coast to 1,250 m, although they prefer areas with well-drained, 
sandy soils overlying loams at altitudes between 450 and 600 m and with an annual 
rainfall of 300-500 mm. They can also tolerate poorly drained, heavier textured 
soils (Hines and Eckman 1993). As in Kenya, baobabs also occur in Acacia- 
Commiphora bushland and thicket (Polhill 1968), on valley floors, and on the 
deciduous woodland slopes of inselbergs (Bjgrnstad 1976). In the Uluguru area of 
Tanzania, baobabs are among the characteristic species of relict savanna vegetation 
on ferrulitic soils of valley bottoms devastated by human activity (Pócs 1976). 

Barnes et al. (1994) noticed a decline in the density of baobabs in the Ruaha 
National Park between 1976 and 1982, but no significant changes between 1982 
and 1988. The later reduction was attributed to severe poaching of bull elephants. 
See Chapter 9 for further discussion on elephant damage. 

Scrub forest dominated by species of Commiphora and candelabra Euphorbia 
occur at relatively low altitudes in areas where rainfall is higher than that required for 
deciduous bushland and thicket but too low for forest, such as on the slopes of the 
Manyara escarpment in Tanzania. Resistant to fire, baobabs have survived the felling 
and degradation of thicket/woodland though with some mortality attributable to 
elephants (Greenway and Vesey-Fitzgerald 1969; White 1983; Weyerhaeuser 1985). 

Popov and Zeller (1963) found ‘vestiges’ of Adansonia and Dracaena in the 
extreme south-west of Arabia in the presence of other species from tropical Africa, 
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including Boswellia, Combretum and Commiphora. Unfortunately they give no 
further information about the locality, although White and Léonard (1991) clearly 
regard the flora here as a natural extension of the African flora. In Yemen only two 
specimens are known. A solitary baobab known as al shajarah al gharibáh or ‘the 
strange tree’, was found growing at an altitude of around 1,200 m in an open, volcanic 
plain near the village of Samsara in Taiz Province. The second tree is at Bani Dawan, 
Jabal Raymah, also at around 1,200m. It is impossible to be certain whether or not 
they are relics of a larger native population (Wood 1997). Could either baobab be a 
survivor from Popov and Zeller’s (1963) population, and does the local name al 
shajarah al gharibáh refer to that tree’s grotesque shape or to its solitude? 

In the Dhofar region of Oman, Lawton (1980a) and Miller and Morris (1988) 
recorded populations from Dhalqut, Wadi Ghazir and Wadi Hinna, to the east of 
Taqah. The Wadi Hinna population consists of a grove of about 60 well-grown 
baobabs at around 300 m altitude, with a few scattered individuals down to 20 m. 
These stands are associated with a number of characteristic species from East 
Africa, suggestive of a natural relict population from a former distribution contiguous 
with African populations. Miller and Morris (1988) question this theory and 
suggest that traders could have introduced the baobabs. However, traders cannot 
have been responsible for introducing Acacia spp., Adenium obesum, Lawsonia 
inermis, Tamarindus indica and others. 


2.1.3.5  Guinea-Congolia/Zambezia Regional Transition Zone 


The Guinea-Congolia/Zambezia transition zone lies south of the Guinea-Congolian 
region. Up to 500km wide, the zone extends from the Atlantic coast of the lower 
Zaire River and northern Angola in the west to Lake Tanganyika in the east. The 
climate is intermediate between that of the Guineo-Congolian and that of the 
Zambezian regions. The vegetation in Angola and western Democratic Republic of 
Congo consists of an impoverished Guineo—Congolian flora interdigitating, locally 
mingling, or in a mosaic with an even more impoverished Zambezian flora (White 
and Werger 1978; White 1983). 

The cold Benguela Current influences the rainfall of the coastal belt. From 
Cabinda southwards to Santo Antonio in Angola the annual rainfall is <800 mm, 
while in western Congo—Brazzaville it diminishes rapidly from 1,200 mm inland of 
Matadi to <800 mm near the mouth of the Zaire River, which is too low to support 
Guineo-Congolian vegetation except along the watercourses. The dry season lasts 
for 5-6 month but humidity is high. 

The vegetation is grassland and wooded grassland, probably mostly secondary. 
Chevalier (1906) reported baobabs along the coast to the south of the Mayumbe 
forest, towards Loango in Congo- Brazzaville and the Cóte-Matébe, where they 
are generally associated with oil palm (Elaeis guineensis). In the Zaire delta 
region of Bas-Congo, behind the coastal strip of mangroves, clumps of baobabs 
occur within Heteropogon—Hyparrhenia grasslands. On the sandy plateau around 
Boma and Matadi, baobabs are associated with introduced cashew (Anacardium 
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occidentale) and mango (Mangifera indica) (Tuckey 1818; Naval Intelligence 
Division 1944b; Airy Shaw 1947; Duvigneaud 1949; Lebrun 1954; Malato-Beliz 
1963; White 1983). White and Werger (1978) suggest that all three species testify 
to sites of abandoned villages. Maybe, but did the villages follow the baobab or 
vice versa? 

The Congo explorer de Brazza slept under a baobab at what is now known as 
Brazzaville, a site he discovered in 1880 (see Chapter 2); therefore, Europeans 
could not have introduced the tree. De Wildeman (1903a) considered the baobabs 
as characteristic trees of Bas-Zaire. They extend along the River Zaire to Zinga and 
to its junction with the River Kasai. Chevalier (1906) also reported baobabs 
growing inland, at Brazzaville and in the Batéké desert, De Wildeman’s Kasai. 

Baobabs are widely distributed in littoral and hilly regions of Angola below 
12,000 m, becoming rare or absent further inland. The coastal region, from Santo 
António south to Benguela, is mostly secondary grassland and wooded grassland of 
the Guineo-Congolian transition zone, with an eastward extension between the foot 
of Serra da Chela and the semi-desert of Mocámedes district, extending to the 
southern frontier. Baobabs are conspicuous constituents of savanna woodlands 
adjoining moist semi-deciduous forest, such as in the Quicaina National Park 
(Hiern 1896; Teixeira 1968; White and Werger 1978). 

Further south, the coastal region of Angola supports dense stands of baobabs and 
other trees, alternating with Schizachyrium grasslands. Baobabs are emergents on 
more calcareous soils supporting shrubby vegetation. 

In tall Hyparrhenia and Andropogon grasslands of the northern and central 
Angolian plateau receiving over 1,300 mm annual rainfall, baobabs are among the 
more common trees. According to the relief and soil texture, these grasslands often 
occur in mosaics or catena pattern with forest patches, in marshy grasslands and 
gallery or semi-deciduous escarpment forests. 

Higher up the central Angolian escarpment, broad-leaved savanna communities 
replace grassland savannas, and stands of baobab become important and occasionally 
infiltrate Brachystegia tamarindoides miombo on the plateau. Baobabs also appear 
lower down the escarpment, where the rainfall decreases to around 600mm and 
vegetation shows an increasing tendency towards thicket or scrub (Werger and 
Coetzee 1978). 


2.1.3.6 Guinea—Congolia/Sudania Regional Transition Zone 


The Guinea-Congolia/Sudania regional transition zone lies between the rain forests 
of the Guinea-Congolian and the Sudanian regions, extending from Senegal and 
Guinea-Bissau to south-west Sudan and Uganda. It reaches the coast between east- 
ern Ghana and Benin Republic where coastal plains, known as the ‘Dahomey Gap’, 
divide the Guineo-Congolian rain forests. Much of the area lies below 750m. 
Climate is transitional between that of the Guineo-Congolian and Sudanian 
Regions, apart from the anomalously dry climate of the Dahomey Gap (see Section 
2.1.1). The greater part of the transitional zone is covered by a mosaic of secondary 
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grassland and by wooded grassland. Former widespread forest types have been 
destroyed by fire and cultivation (White 1983). 

On recent sediments of the Basse Casamance basin of Senegal, fairly large 
numbers of baobabs occur on non-saline banks of shells bordering the mangroves, 
forming part of an anthropogenic community of useful relict species utilised by the 
agricultural community (Miége et al. 1976). Open stands of baobabs and Strychnos 
spinosa occur in old clearings within the Kalounayes forest (Vanden Berghen 
1984). In the cultivated valleys of the Haute Casamance, the remaining sparse tree 
cover includes baobabs together with Ceiba pentandra (kapok), Elaeis guineensis, 
(oil palm), Ficus sp. and Hallea inermis (Akpo et al. 1997). 

Baobabs are associated with littoral oil palm groves in the vicinity of Prábis, 
Guinea-Bissau; they are more widespread inland, but do not attain the large dimen- 
sions found in Angola (Figueiredo Gomes e Sousa 1930; Malato-Beliz 1963). 
Baobabs are absent from much of the coastal plain of Guinea but are quite common 
inland (Chevalier 1906; Pobéguin 1906). The baobab is also present in the northern 
and central plains of Togo (Brunel et al. 1984). 

In the Dahomey Gap Chevalier (1906) reported the spontaneous occurrence of 
numerous baobabs along parts of the sandy coastal plain of Ghana and the Volta 
basin. A large number of baobabs also occur near the coast of Togo, probably 
favoured by the aridity of the coastal region, although it is not absolutely certain 
that they have not been planted (Brunel et al. 1984). 


2.1.3.7  Zanzibar-Inhambane Regional Mosaic 


Lying mainly below 200 m and varying in width from 50 to 200 km, except where 
it penetrates certain broad river valleys, the Zanzibar-Inhambane mosaic extends 
from just north of the equator to the mouth of the Limpopo River. The mean annual 
rainfall is > 800mm and rainfall rarely exceeds 1,250 mm in a single year. There is 
a perceptible dry season of 1—6 months although no month is absolutely dry; the 
relative humidity is high. Mean annual temperature north of the Zambezi is 26°C 
and diminishes steadily southwards; frosts are unknown. The vegetation consists of 
lowland and transitional rain forests, scrub and swamp forests, woodland and scrub 
woodland, evergreen and semi-evergreen bushland and thicket, and grasslands 
(Moll and White 1978; White 1983). 

The transitional rain forests are of limited extent; they are represented at 
Shimoni in southern Kenya by forest trees on fossil coral, with an occasional 
baobab also present. Evergreen thicket, and semi-evergreen bushland and thicket, 
occur where unfavourable soil conditions prevent forest growth; evergreen thicket 
represents climax vegetation on shallow soils overlying coral limestone. Where 
vegetation has been disturbed it is replaced by open secondary savanna, ranging 
from scrub completely dominated by Lantana camara to open associations of 
fire-resistant species, including the baobab. Stunted baobabs also occur among 
coastal Capparis-evergreen shrub, especially in the spray zone on coral cliffs tops 
(Birch 1963; White 1983). 
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In Kenya extensive secondary grassland and wooded grassland occur between 
Mombasa and the Tanzanian frontier, forming a mosaic of agricultural lands, 
grassy fallows, orchards and secondary thickets. Some trees of the original forest 
have been left standing, especially Milicia excelsa and Sterculia appendiculata, 
together with other scattered, non-forest trees including the baobab (White 1983). 

Along the Tanzanian coast, near Tanga and inland of the mangrove communities, 
there is a belt bare of vegetation, probably due to the high soil salinity. The baobab 
is a characteristic tree of the non-halophilous evergreen scrub adjoining the bare 
zone (Richards 1957). 

The baobab is a conspicuous feature of the dry deciduous forest coastal belt of 
Mozambique, with large individuals scattered along the coast to north of Massinga, 
especially on outcrops of coral limestone. It is also a constituent of fringing forests 
on alluvial soils bordering deltas and lower reaches of larger rivers. Its distribution 
appears to have been determined largely by man, and regeneration does not occur 
under closed forest canopy (Moll and White 1978). 

In lowland areas of Mozambique influenced by monsoon rainfall, Adansonia 
occurs as an emergent in communities associated with dry, deciduous, lowland for- 
est and woodland on sandy, calcareous and skeletal soils, particularly in the sublit- 
toral northern zones. The baobab is also found in riverine communities on 
well-drained soils to the north of 24° 30’ S, including on the banks of the Zambezi 
and Save rivers. 

In northern Mozambique, the baobab occurs in the valleys of subplanitic areas 
at 150-700m between the Lúro and Rovuma rivers, in mixed formations of 
Brachystergia spp. and Adansonia—Sterculia appendiculata on granitic soils 
receiving around 900mm annual rainfall, and in the mosaic of dry, deciduous 
woodland and thicket of sublittoral lowlands. The baobab, with Brachystegia boemhii 
and Sterculia appendiculata, is an emergent species in dry lowland deciduous 
savanna between Moçambique and Nampula on granitic soils receiving about 
1,000 mm annual rainfall. At altitudes between 200 and 500 m in the lower Zambezi 
valley it is a less frequent constituent of mopane (Colophospermum mopane) low- 
land savanna woodland, where it occurs on clayey soils overlying relatively deep 
calcareous material and receiving a mean annual rainfall of 500-700 mm (Grandvaux 
Barbosa 1968b; Wild and Fernandez 1967, 1968; Werger and Coetzee 1978). 


2.1.3.8 Kalahari-Highveld Regional Transition Zone 


Wooded grassland is the characteristic vegetation of the Kalahari sands mantle of 
the Kalahari-Highveld regional transition zone. In Botswana the zone is repre- 
sented by Kalahari-Highveld and the transition to Zambezian broad-leaved wood- 
land, which is usually less than 7 m tall and widely spaced (White 1983). 

In the Kalahari of Botswana ‘the southernmost specimens [baobabs] were seen 
in the neighbourhood of Ghanzi, and from there occurred sporadically to Gautscha 
Pan’ (Story 1958) and beyond. Stands of baobab occur on the drier ground over large 
areas of Zambezian wooded grassland in the northern Nxai Pan and north-western 
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areas of Makgadikgadi pans [Makarikari Pan] (Wild and Fernandes 1967, 1968; 
Koop and Velimirov 1982). 

The Makgadikgadi Pans form the world’s largest area of saltpans, of which the 
two major pans are the Ntwetwe and Sua Pans. These pans, together with the 
Okavango Delta, are remnants of former Lake Makgadikgadi, which disappeared 
some 8—10,000 years ago. 

On Khubu Island in the Makgadikgadi Pans baobabs grow in fissures of a granite 
outcrop (Pakenham 2002). Baobabs also occur in mopane bush on Kalahari sands 
at Orapa, to the south of the pans, in an area receiving around 500mm annual 
rainfall, with a temperature range of 0—42?C and rare instances of ground frost 
(Allen 1978). They are also recorded from the Kalahari of north-eastern Namibia 
but no details of localities are given (Friedrich-Holzhammer 1969), while Leger 
(1977) noted that the baobab was confined to East Bushmanland. Baum (1995b) 
recorded a herbarium specimen from Ombalantu, and an unidentified manuscript 
distribution list of baobabs mentions Ofumana. Curtis and Mannheimer (2005) 
provided a detailed map of the distribution of Adansonia in Namibia based on field 
observations. 

In the Zambezian/Kaokoveld-Mocamedes [Mossamedes] transition zone, the 
Zambezian and Karoo-Namid species occur in an intimate assortment. At its western 
limits in Angola, at the edge of the Mocamedes desert, even Colophospermum 
mopane grows, albeit as a scattered, stunted tree 3 m tall, in the same community 
as Welwitschia mirabilis (syn. W. bainesii) together with Acacia mellifera, Albizia 
anthelmintica, Commiphora sp. and Terminalia prunioides (White 1983). In moun- 
tainous parts of Kaokoland, such as the escarpment and Baynes Mountains, asso- 
ciates of mopane woodland include baobabs (Werger and Coetzee 1978). 


2.1.3.9 Tongaland-Pondoland Regional Mosaic 


The vegetation, where it has not been completely destroyed, consists of a complex 
mosaic of forest, scrub forest, evergreen and semi-evergreen bushland and thicket, in 
a matrix of secondary grassland and wooded grassland (White 1983). The baobab has 
not been reported from this complex, although it might just occur in the north. 


2.1.3.10 Sahel Regional Transition Zone 


The Sahel transition zone lies to the south of the deserts of the Sahara transition zone, 
forming a relatively narrow belt, about 400km wide, of mainly flat or gently undulat- 
ing terrain, extending from the Atlantic to the Red Sea. Large areas are covered by 
aeolian sand dating from drier phases of the Pleistocene, and by clays deposited dur- 
ing wetter phases. Emergent outcrops of older rocks form the massifs of Adrar des 
Iforas, Air, Ennedi, Jebel Marra, and Red Sea Hills. The climate is typically tropical, 
with an annual rainfall usually between 150 and 500mm, falling during the short 3—4 
summer months; the dry season is long and severe (White 1983; Le Houérou 1989). 
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The Great Drought of the late 1960s has complicated this climatic picture, and its 
environmental effects have continued more or less unabated to this day. The period 
1968—1972 showed a southward shift of approximately 110km of pre-1965 isohyets 
for the Sudan (Wickens 1982b), and a 100-150km southward shift in Niger 
(Sivakumar 1989). There have been similar droughts in the historical past but this one 
has been greatly exacerbated by desertification due to the destruction of vegetation by 
tree felling, overgrazing and overcultivation, all the results of overpopulation and the 
concentration of populations. Many baobabs in the drier parts of the Sahel, after sur- 
viving for 1,000 or more years of climatic fluctuations, have finally succumbed. 

The northern portion of the zone consists of a belt of Sahel semi-desert grassland 
and shrubland, stretching from the Atlantic to the Red Sea. With <250mm annual 
rainfall, the vegetation consists of grassland, usually with an admixture of bushes 
and trees, including an occasional baobab. 

Chevalier (1906) reported the presence of baobabs in Mauritania north of the 
Senegal River, and Adam (1962) recorded the baobab from 18°33” N in Tidjikija, 
which is the most northern point of its known natural distribution. South of the 
river, in northern Senegal, Adam (1957) noted that baobabs occurred as rare to 
occasional scattered individuals, growing on a wide range of soils. For Mali, 
Chevalier (1906) recorded baobabs as far north as approximately 16° N. They were, 
in his opinion, always associated with sites of present or past habitation. In eastern 
Sudan the baobab is reported as far north as 15° 15 ^ (Schweinfurth 1868; Newbold 
1924). Elsewhere in northern Sudan it is found bordering depressions where water 
collects during the rainy season and in interdunal hollows, never on unconsolidated 
sand (Hunting Technical Services 1964). 

Wooded grassland and deciduous bushland are the most widespread vegetation 
types on sandy soils of southern Sahel, where rainfall is 250—500 mm. The chief 
woody species, in addition to emergent baobabs, are Acacia spp., B. aegyptiaca, 
Boscia senegalensis, Combretum spp., Leptadenia pyrotechnica and Maerua 
angolensis. 

In the vicinity of Niono, central Mali, baobabs and Faidherbia albida have been 
left in the fields after the land has been cleared for irrigation, presumably because 
of the cost and difficulty of clearing baobabs and the enhancement of crop yields 
by Faidherbia. Mean annual rainfall is around 550 mm, and temperatures are more 
than 40°C during April and May, falling to a minimum of 12°C in January (Wilson 
and Wilson 1981). 

Toutain (1978) reported baobabs along little runnels or on rocky hills in Burkina 
Faso. Here too Chevalier (1906) associated the baobab only with sites of present or 
past habitation. In Niger the baobab is found on moist sands near villages; it is 
fairly common south of the 500mm isohyet al.though Peyre de Fabregues and 
Lebrun (1976) considered it to be more often subspontaneous or planted in areas 
with this level of rainfall. 

In Chad baobabs are only found to the south of Lake Chad and are absent from 
the rest of the country. They are found again within the Sudan borders. The 
palaeoenviromental conditions believed to have been responsible for their absence 
from most of Chad are discussed in Chapter 14. 
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Fig. 34 The schematic concentration of Adansonia digitata in relation to geomorphology and soils 
in the UNSF Kordofan Project area. (1) longitudinal dunes; (2) transverse dunes; (3) dune com- 
plexes; (4) sand sheet (1—4 are neutral sands); (5) alkaline clayey soils of clayey pediplain; (6) acid 
sandy soils of sandy pediplain; (7) alkaline clays of clay plain; (8) skeletal stony soils of inselbergs 
and pediments. (Redrawn from Hunting Technical Services 1964 and Doxiadis Associates (1966.) 


In eastern Darfur baobabs occur in Acacia mellifera thornland on clay soils 
formed in situ and receiving 200-500 mm annual rainfall; the baobab is usually 
associated with small inselbergs (Harrison and Jackson 1958; White 1983). 

In low rainfall woodland savanna on sand, baobabs are found in depressions in 
clay soils admixed with a little sand. In Kordofan Province they are generally found 
in low-lying areas but never on heavy clay soils. Both Nachtigal (1971) and Blunt 
(1923) comment on the great stand of baobabs in the Zernakh valley of western 
Kordofan. It is reported to have a uniform breadth of around 1.5km, and stretches 
from Teis Umm Bona to Umm Kuda in what is clearly a fossil valley. 

A study of approximately 66,530 km? in central Kordofan by the United Nations 
Special Fund Kordofan Project revealed similar baobab concentrations along fossil 
drainage lines (Fig. 34), with the baobabs north of Abu Zabad forming an almost 
closed canopy. A dendritic drainage pattern probably started to form at the end of 
the Pliocene, the area being later covered by a mantle of aeolian sand. The survey- 
ors of the 250,000 series of maps of the Sudan plotted the position of the baobabs, 
since they form such a conspicuous feature of the landscape. 

There is a noticeable concentration of baobabs in the west and they are widely 
scattered throughout the rest of the survey area apart from in semi-desert grassland, 
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i.e. the transverse dune system on the northern boundary. In dune soils they border 
interdunal depressions. They do not occur on deep sands, where the water table may 
lie 30m or more below surface. Presumably water lies closer to the surface along the 
fossil drainage lines. On clayey soils baobabs may be found near minor drainage 
channels. They also occur along seepage zones at bases of rocky outcrops, as in the 
Nuba Mountains and Jebel ed Dair. Occasionally, isolated baobabs are found on 
crests of minor jebels and quartz ridges, where sufficient moisture and/or nutrients 
would appear unlikely to be available; baboons are believed to be responsible for 
transporting seeds to such out-of-the-way places (Harrison and Jackson 1958; 
Hunting Technical Services 1964; Wickens 1976; Bedigian and Harlan 1983). 


2.2 Madagascar 


Madagascar, with an area of around 590,000 km?, is the fourth largest island in the 
world. It lies near the south-east coast of Africa, from where it is separated by the 
Mozambique Channel, which narrows to approximately 400 km wide between Cap 
Saint André and mainland Africa at Mozambique. 

Palaeontological and archaeological evidence show no human occupation earlier 
than 2nd century BC. Carbon dating points to the earliest human presence in the 
south-west interior being c. 350 BC, the population then spreading throughout the 
island during the following millennium. Archaeological evidence from the east 
coast indicates the arrival of settlers from Indonesia between AD 300 and 800; they 
are believed to have migrated from Indonesia via the northern and western shores 
of the Indian Ocean rather than by a direct crossing. However, pollen evidence for 
rice cultivation and vegetation changes suggests that some settlement occurred even 
earlier, and that settlers arrived in two waves, from the 2nd century BC until AD 
1000, and from the 15th century onwards, with increased settlement along the west 
coast in the 12th century. The African element arrived relatively late and then prob- 
ably as slaves (Brown 1978; Straka 1996; Wright and Rakotoarisoa 2003; Burney 
et al. 2004). 

Changes in the environment are the result of human colonisation and the intro- 
duction of Asian crops and Zebu cattle. During the 19th century the population 
multiplied dramatically; felling of trees, fire and overgrazing became widespread. 
Resultant soil erosion destroyed much of the original vegetation, while inherent low 
fertility of the soils hindered development of secondary vegetation. However, as 
Burney et al. (1996) point out, naturally occurring fires must have affected vegeta- 
tion cover long before the arrival of man, since none of the endemic fire-resistant 
species could have evolved within the time scale. The probable effect of burning by 
humans was to increase fire frequency and to burn areas previously too wet or too 
dry to support a natural fire regime. Such pressures on landscape are not confined 
to Madagascar. 

The inhabitants have exterminated all of the island's indigenous large fauna, 
including giant lemurs (Archaeolemur and Hadropithecus spp.), native hippopotami 
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(Hippopotamus laloumena, syn. H. amphibious standini, and H. lemerlei), giant 
tortoises (Geochelone spp.) and the flightless elephant birds (Aepyornis spp.). The 
large herbivore population present in mainland Africa is conspicuously absent from 
Madagascar. Apart from the potamochere or bush pig (Potamochoerus porcus) and 
lemurs, existing fauna is almost exclusively herbivorous or frugivorous, with 
rodents, bats, birds and insects playing a role in pollination and propagule dispersal 
(Koechlin et al. 1974). 


2.2.1 Geology and Soils 


The landscape is markedly asymmetric, rising steeply in the east to a plateau with 
an average altitude of 800m and mountain peaks as high as 2,876m, and sloping 
less steeply to the west. Volcanic rocks (lavas, basalts and gabbros) are widespread 
throughout the island, and in the west make up the Boina Plateau and the Montagne 
d’Ambre. The bulk of the east and centre of the island consists of a crystalline 
shield composed of metamorphic and igneous rocks. The area roughly corresponds 
to that covered by evergreen forests and montane vegetation. 

The coastal sedimentary formations fringing mountain ranges are largely confined 
to the west, south and northern tip of Madagascar. They can be broadly divided 
into continental facies, marine facies and recent drift deposits. Continental facies 
are represented by sandstones, including the Upper Cretaceous sandstones of the 
Mahajanga Basin. Marine facies include the Mesozoic limestones and marls, and 
Tertiary limestones, marls and chalks. The former, with areas of deeply eroded karst, 
known as tsingy, are found in the north and west, in the Ankarana and Bemaraha 
Massifs and Ankarana Plateau. Tertiary deposits are found mainly in the south and 
west and generally nearer to the coast than the Mesozoic limestones; they include the 
Mahafaly Plateau and the Mahajanga area. Western sedimentary formations support 
dry deciduous forests and deciduous xerophilous thickets and scrubland, within 
which baobabs occur. There is a close correspondence of the baobabs with the hot and 
humid through to the hot and sub-arid climatic zones. Recent drift deposits include 
unconsolidated sands of the south-west and south, including the Toliara (Tulear) 
coastal plain and Itampolo; the vegetation of these unconsolidated sands contrasts 
greatly with adjacent vegetation on the limestone of the Mahafaly Plateau (Koechlin 
et al. 1974; Koechlin 1993; Du Puy and Moat 1996, 2003). 


2.2.2 Climate 


Throughout most of the year the climate is influenced by south-east trade winds 
bringing rain to the east coast. Two major climatic and vegetation regions can be 
distinguished: a moist eastern region influenced by south-east trade winds, and a 
drier western region lying in the rain shadow of the south-east monsoon. The entire 
east coast, together with the mountain range that runs parallel to it, has a perhumid 
climate with an annual rainfall of 1,500-3,500 mm. 
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The rest of the island, apart from the south-west, has a typical tropical summer 
rainfall regime, ranging from 500mm in the south to 2,000 mm in the north. The 
dry season is severe and lasts for 7 months or more, although there is usually some 
rainfall in most years. The mean annual temperature is between 25° C and 27°C. 

The south-west has a semi-arid to arid climate, with a dry season of 8 months or 
more, and a very irregular summer rainfall, ranging from 200-500 mm yr“, falling 
as local heavy showers. Droughts lasting for 12 to 18 months can occur (Keraudren 
1968; White 1983; Walter and Breckle 1986; Koechlin 1993). 

The relevant climatic zones are as follows: 

Hot and humid: from the Sambirano river in the west to Vohemar in the east with 
an annual rainfall of 1,000—2,000 mm, and a well-defined 3-6 month dry season. 
The mean annual temperature varies with altitude from 14—16°C. 

Hot and sub-humid: with an annual rainfall of 950—1,600 mm and a clearly 
defined dry season of 4—7 months. The main annual temperature ranges from 17— 
28°C, with sharp annual and daily fluctuations according to altitude. 

Hot and semi-arid: with an annual rainfall of 500—900 mm and a variable dry 
season of at least 7 months. The mean annual temperature is 25—26°C, with an 
absolute maximum of 44?C. UNESCO (1979) described this zone as a sub-humid 
region with mild winters and warm summers. 

Hot and sub-arid: this region consists of: (a) a narrow western coastal strip, 
around 30km wide, extending from Morombe to Toliara (Tulear), known as the 
Mikea forest, continuing to Cap Sainte Marie, and (b) the extremity of the Cap 
d'Ambre Peninsula. The average annual rainfall is 350mm but so erratic that there 
are no definable wet and dry seasons. The mean annual temperature is approxi- 
mately 26°C with maxima of approximately 40°C (Paulian 1984). UNESCO (1979) 
classified this region as semi-arid with mild winters and warm summers. 

Schatz (2000) used the distribution of endemic trees, the bioclimate map of 
Cornet (1974) and the major geological substrate types influencing the primary 
vegetation identified by Du Puy and Moat (1996) to produce a modified bioclimate 
map. This more holistic approach provides an alternative framework to the revised 
phytogeographical divisions of Humbert (1955) in Koechlin et al. (1974). Five bio- 
climate regions are recognised by Schatz (2000), of which sub-humid, dry and sub- 
arid are relevant to the distribution of Adansonia spp. (Table 28). 


Table 28 Bioclimates and distribution of Adansonia spp. (From Paulian 1984; Le Houérou 
et al. 1993; Baum 1995b.) 


Species Rainfall (mm) Bioclimate 

A. grandidieri 400—600 Semi-arid 

A. suarezensis 600-1,500 Humid апа sub-humid 

A. rubrostipa 400-1,000 Sub-humid and semi-arid 
A. 

A. 

A. 


perrieri 1,000-1,500 Humid 
madagascariensis 600—1,500 Humid and sub-humid 
za 100-1,000 Sub-humid, semi-arid and arid 
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2.2.3 Vegetation 


The climax vegetation over much of Madagascar was forest, with shrubs in more 
arid areas and at higher elevations, much of which has been devastated by human 
activities. The phytogeographical zones of White (1983) are shown in Fig. 35. 

The climax vegetation of the Western domain is dense, seasonally dry, decidu- 
ous forest. Deforestation by man has resulted in grasslands and derived savanna 
now occupying most of the area, although some mountain slopes remain wooded, 
especially on the sandy and calcareous skeletal soils. The flora is rich and varied, 
with no particular species or small group of species dominant. 


Fig. 35 The phytogeographical regions of Madagascar: (XIX), East Malagasy Region: (1) Eastern 
Domain; (2) Sambirano Domain; (3) Central Domain; (4) Domain of the High Mountains; (XX) 
West Malagasy Region; (5), Western Domain; (6), Southern Domain. (From White 1983.) 
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In the north, the Western domain is interrupted between the Nosy Faly Peninsula 
and the Andranomalaza river by the Sambirano domain, forming a transition 
between the floral communities of the east and west. It has three components: 
(a) a western extension of East Malagasy moist montane forests through the Massif 
de Tsaratanana to the west coast; (b) a western component penetrating the domain; 
and (c) a local centre of endemism. 

In the south-western coastal area, former vegetation of the Southern domain 
below 300m was a dense deciduous thicket, much of which still survives because 
the area is too dry and stony for agriculture. The more distinctive vegetation 
types in the area are bushy or arborescent pachycaul members of the Didiereaceae 
and arborescent Euphorbia; among other emergent species present are A. za and 
A. rubrostipa (White 1983; Koechlin et al. 1993; Baum 1996; Du Puy and Moat 
1996; Garbutt 1999; Gautier and Goodman 2003). 

Durrell (1992) wrote: 


These dry forests of Madagascar are truly the home of the baobab, the dumpty trees. 
Massive ones line the road, their potbellies protruding. They stick through the lesser trees, 
like an army of Chianti bottles, eighty feet [around 25 m] or higher, their bulbous belly the 
circumference of a small room. Their ridiculous little twisting branches make them look 
like someone who has washed their hair and can’t do a thing with it. 


Baobabs are distributed through the western lowlands, from the north to the 
extreme south of the West Malagasy region, at elevations below 800m. They are 
particularly abundant in the west and south-west, with scattered populations of 
A. perrieri in the Sambirano domain of East Malagasy region. Each baobab species 
has evolved within its own niche in the dry deciduous forest. Where species overlap 
they are isolated from each other, partly by differences in their flowering season 
and partly by their pollination systems. See Chapter 8 for further details. 


2.2.3.1 Adansonia grandidieri 


The subgenus Brevitubae is represented by A. grandidieri and A. suarezensis. 
Both have a similar impressive habit, a tall, cylindrical bole terminating in short 
branches held in a markedly horizontal position. A row of A. grandidieri trees 
has been likened to the nave of a cathedral. They do not occur sympatrically and 
are therefore easily distinguished by their distribution. ‘In the western forest, 
A. grandidieri is a splendour of the plant world. I cannot convey the beauty of a 
baobab grove, when the majestic trunks redden in the light of the setting sun’ 
(Guillaumet 1984; Du Puy 1996). 

A. grandidieri occurs in south-western Madagascar (Fig. 36) between Lac Ivory 
(near Morombe and Bereboka around 50km north of Morondava), where the cli- 
mate is hot and sub-humid. 

A. grandidieri occurs on moist sands and limestone in the Tsibombé area. The 
best-known populations are those growing on alluvial soils in the Morondava area, 
for example, north of Morondava and close to Andranomena, Bereboka and 
Marofandilia. A. grandidieri can be found within intact, dry deciduous forest, 
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Fig. 36 The distribution of Adansonia Section Brevitubae. (After Baum 1995b.) 


beside waterholes, lakes and seasonal riverbeds, although the majority of baobabs 
occur near villages and in degraded thicket. The best surviving populations occur 
in the vicinity of Morombe, particularly between the Mangoky river and Lac Ihotry, 
where they are the dominant trees in relatively undisturbed, dry deciduous forest. 

This is the most widely exploited of the Malagasy baobabs. Most mature trees 
now persist in open agricultural lands or degraded scrub, the remnants of former 
dry deciduous woodland. There is a noticeable lack of natural regeneration (Decary 
1921; Paulian 1984; Nicol and Langrand 1989; Baum 1995b, 1996, 2003). 


2.2.3.2 Adansonia suarezensis 


A. suarezensis is restricted to the Baie d’ Antiseranana (Diégo-Suarez) region, at the 
extreme northern tip of Madagascar, where the climate is hot and sub-humid (Fig. 
36). It occurs in deciduous forest, especially on limestone hills and outcrops, often 
rooting directly into and between the porous limestone blocks. Small individuals 
can be found close to the sea, in heavily disturbed littoral scrub, such as 2—5 km to 
the south of Antiseranana (Cap-Diégo) or along the Ramena Road, close to the 
Montagne des Frangais. More recently a population has been found further south, 
in the Mahory Forest between Ankarana and Analamera Reserves. The precise dis- 
tribution of this species is still poorly known, 

To the west of the Baie d’ Antseranana are several patches of relatively undisturbed 
deciduous forest, some with fairly high densities of A. suarezensis. Populations of 
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large trees occur as emergents on steep slopes within the less disturbed deciduous 
forests, such as south-western Montagne des Francais, Babaomby (Windsor Castle) 
and Beantely forest close to Antsahampano (Paulian 1984; Baum 1995b, 1996; 
Burt 1996). 


2.2.3.3 Adansonia rubrostipa 


A. rubrostipa extends along the west coast of Madagascar from Soalala in the north- 
west to near Itampolo in the south-west (Fig. 37). The climate ranges from hot and 
sub-arid in the south, through hot and semi-arid, to hot and sub-humid in the north. 
It is a highly plastic species, forming large, columnar trees in the deciduous forests 
in the north and small, bottle-shaped trees in arid spiny woodlands and thickets of 
the south. It is found mainly in dry deciduous woodlands on well-drained limestone 
soils and karstic limestone. 

North of Morondava there are populations, of what Perrier de la Bâthie (1955) 
had designated A. rubrostipa var. rubrostipa, growing on eroded karstic limestone 
in the Tsingy de Namoroka (see photograph in Jumelle and Perrier de la Bâthie 
1912) and on sands close to Soalala. 

Close to Morondava this is a prominent species of deciduous forests, e.g. 
Andranomena, Marofandelia and Kirindy. Numerous baobabs may be present in 
these locales and probably dominate in biomass. East of Morondava there is a com- 
plex interdigitating pattern of areas dominated by A. grandidieri, A. rubrostipa and 
A. za. The ecological factors responsible for this pattern require further study 
(Baum 1995a, 1996). 

Further south, Decary (1921) reported that A. rubrostipa grows on crystalline 
rocks in the Tsibombé area, especially to the south and east of Tsimilofo, where it 
forms a forest for 15—20km. 

In the south, A. rubrostipa occurs in dune forest and calcareous plateaux in the 
vicinity of Toliara, where it may be found growing near A. za, the latter as larger 
trees on richer soils. The trees are scattered; for example, close to Lac 
Tsimanampetsotsa, they grow on sandy soils in spiny thicket dominated by 
Alluaudia procera and Didierea madagascariensis. However, they are more numer- 
ous in deciduous dune thickets to the north of Toliara. On the limestone plateau east 
of Toliara, they grow in spiny scrub dominated by Alluaudia comosa and Euphorbia 
spp. (Baum 1995a, 1996; 2004). 


2.2.3.4 Adansonia perrieri 


A. perrieri was first described from two populations, one in the Montagne d’ Ambre 
National Park, the other on the Ankarana plateau (Capuron 1960); it is still only 
known from five sites, and the full extent of its distribution is uncertain. Additional 
undiscovered populations certainly remain within the area (Baum 1995b). The climate 
of the region is hot and humid (Paulian 1984). 
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Fig. 37 The distribution of Adansonia Section Longitubae. (After Baum 1995b.) 


The original Montagne d’Ambre population consists of about a dozen very 
large, trees, up to 30m tall, growing on the banks of the Rivière des Makis at about 
650m altitude in semi-deciduous forest on basaltic soils within the evergreen forest. 
Two other populations have since been discovered in degraded riverine forest west 
of Montagne d’ Ambre, along the banks of the Andranofanjava (Fig. 37). 
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On the Ankarana plateau, close to Ambondromifehy, there is a scattered 
population of numerous small A. perrieri in sparse, deciduous forest with small, 
fire-prone patches of possibly anthropogenic savanna on eroded limestone and 
occasionally basalt outcrops (Capuron 1960). A few larger trees occur in more 
mesic, deciduous forest elsewhere on the plateau, including the Mahory forest 
(Baum 1995b, 1996; 2003). 


2.2.3.5 Adansonia madagascariensis 


There has been much confusion about the distribution of A. madagascariensis and 
A. za. Despite Perrier de la Bathie’s considerable knowledge of the genus, he incor- 
rectly concluded that A. madagascariensis extended from the very north of 
Madagascar down to Ambovombé in the south-east (Perrier de la Bathie 1955). To 
add to the confusion, his distribution data formed the basis for the maps in Miége 
(1974), while Nicoll and Langrand (1989) claim that both species occur in the area 
around Zombitse; Rajeriarison et al. (2000) also record A. madagascariensis in 
evergreen forest of the Réserve Naturelle Intégrale de Bemaraha. The revision of 
the genus by Baum (1995b) identified all the southern specimens as A. za, and 
found A. madagascariensis distributed from Antsiranana south to the Sambirano 
region as far as Ankara (Boina region) and perhaps Soalala (Ambongo region) in 
the north-east (Fig. 37). 

A. madagascariensis is found in a variety of vegetation types, including dry 
deciduous forest, mesic semi-deciduous forest and coastal thicket. It usually 
grows on calcareous soils, and is sometimes perched on cliffs and karsitic lime- 
stone outcrops; it also occurs on sandstone and gneiss. Around the Baie 
d'Antsiranana A. madagascariensis can be found within metres of the high-water 
mark, as on the road to Ramena and in the town of Antsiranana itself (Baum 
1996; Kondó 1997). 

The relatively high precipitation, basaltic soils and the shelter provided by the 
canyons of the Ankarana plateau support a dense tree cover, with A. madagas- 
cariensis as one of the dominants (Cardiff and Befourouack 2003). 

The species sometimes occurs in sympatry with other Adansonia species, e.g. 
with A. suarezensis around the Baie d'Antsiranana, A. perrieri in the Réserve 
Spéciale de Ankarana, and A. za near Maromandia. In all such cases there is no 
overlapping of flowering times and no hybrids are formed (Baum 2003). 

Trewhella et al. (2001) and Carpentier (2006) have reported A. madagascarien- 
sis on Mayotte in the Comoro Islands. 


2.2.3.6 Adansonia za 


A. za is the most widespread baobab in Madagascar, as well as being the species 
with the most diverse ecology (Fig. 37). This species is distributed from Andohahela 
and the Mandrare River in the hot and sub-arid south-west, northwards through the 
southern and western hot and semi-arid region to the Boina region and the 
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Sambirano River basin in the north-west. It is the dominant tree species in some of 
the southern deciduous forests around Analava to the west of Betioky, and to a 
lesser extent around Sakaraha and the forests east of Ankilizato. It is less abundant 
in the hot and humid north-west, where it is concentrated near rivers (Paulian 1984; 
Baum 1995b). 

Populations of emergent A. za growing on sandy soils are scattered through 
Didieraceae woodlands in the arid south. These populations spread as far eastwards 
as Andohahela. Other populations occur in sclerophyllous deciduous woodland and 
thicket, where the species may be dominant or co-dominant as in Analava, and to a 
lesser extent near Sakaraha and the forests of Ankilizato. A. za is also found in 
degraded savannas. 

In the Tsibombé area, Decary (1921) reported A. za growing on sands derived 
from decomposed gneiss, in sandy alluvials on the left bank of the Menarandra 
river to the east of Ampotaka, on calcareous sands and near the sea. 

Some specimens can grow quite large. Salak (2002) recorded finding giant ones 
up to 8.9 m in diameter to the north of Morombe, and reported even larger ones near 
the village of Andavadoaka (Andaeovadoke), to the south of Morombe (their iden- 
tity requires confirmation). 

A. za occurs in low densities with distinct local concentrations in A. rubrostipa- 
dominant woodlands north of Morondava. For example, in Kirindy Forest A. za 
is very rare in much of the woodland but in low-lying areas close to the Kirindy 
River it attains some abundance. The edaphic, biotic or historical factors respon- 
sible for the distribution of A. za and A. rubrostipa in Kirindy are still unresolved 
and worthy of attention. Describing the microhabitat preferences of the two 
baobabs in Kirindy might help towards a better understanding of the distribution 
of the two species. 

In the north-west, A. za is found mainly in highly degraded scrubland and agri- 
cultural lands, especially near rivers. However, it can be found in a few localities in 
relatively intact, dry deciduous forests on sandy or calcareous soils, as in the 
Ankarafantsika reserve. Further north, in the Sambirano region, A. za occurs in 
semi-deciduous forest, often along rivers such as the Andranomalaza, Djangoa and 
Sambirano. Because of extensive deforestation in the Sambirano region, the majority 
of baobabs in the area are now restricted to coffee, cocoa or cashew plantations 
(Baum 1995b, 1996). Nicoll and Langrand (1989) report the rare occurrence of 
A. za in the rain forest of the Manongarivo Reserve. 


2.3 Australia 


The boab (Adansonia gregorii) population in north-western Australia is a fairly 
recent outlier in (geological time) relative to the African and Malagasy populations. 
In the following chapter I argue that it is a chance immigrant and not part of a larger 
migration from the west. 
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Fig. 38 The simplified geological structure of north-west Australia. (From Beard 1990.) 


2.31 Geology 


Structurally the continent has three major components: a stable western platform 
formed by a Precambrian shield dominated by Archean granite and gneiss, a central 
basin of gently warped, relatively young sedimentary rocks, and the granites and 
basalts of the eastern uplands. In north-west Australia (Fig. 38) the dissected 
Kimberley plateau is bordered by the limestone King Leopold Ranges and farther 
south by the Fitzroy and Ord Rivers. Post Cambrian or Phanerozoic sediments fill 
the depressions formed by the Canning, Bonaparte Gulf and Ord Basins (Beadle 
1981; Beard 1981, 1990). 


2.3.2 Climate 


The distribution of A. gregorii falls within the hot humid to hot sub-humid climatic 
zones. The mean maximum temperature of the hottest month is around 35—39°С. 
and the mean minimum of the coldest month approximately 13-18?C. Although the 
area is generally frost-free, rare frosts do occur inland. The mean annual rainfall is 
500-1,500 mm, with a distinct summer maximum and a long, dry winter period 
(Beadle 1981; Boland et al. 1985). 


2.3.3 Vegetation 


The traditional vegetation map for north-west Australia recognised four distinct 
zones: mangrove forest, tropical rain forest, mixed broad-leaved and evergreen for- 
est, and semi-arid steppe (Lange 2002). A recent and detailed system, the Interim 
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Fig.39 The distribution of Adansonia gregorii and the relevant biogeographic regions. CK 
— Central Kimberley; DAB — Daly Basin; DAC - Darwin Coastal; DL – Dampierland; GSD — 
Great Sandy Desert; NK — Northern Kimberley; OVP — Ord Victoria Plains; STU — Sturt Plateau; 
TAN - Tanami; VB — Victoria Bonaparte (from Department of Environment and Heritage 2000). 
Open circles represent sites of cultivated boabs. 


Biogeographical Regionalisation for Australia (IBRA), has now been developed. 
The bioregions are non-hierarchical and based on climate, geomorphology, land- 
form, lithology and characteristic flora and fauna. IBRA has been considerably 
refined and updated since its inception in 1994 and has now reached version 5.1, 
recognising 85 bioregions (Department of the Environment and Heritage 2000). It 
provides a better means of understanding the distribution of A. gregorii (Fig. 39), 
and other species, than the traditional vegetation maps. Although Beadle (1981) has 
provided detailed descriptions of the Australian vegetation, it is difficult and some- 
times impossible to correlate some of his vegetation alliances in which the boab has 
been recorded with the subdivisions of the bioregions. 

The boab (A. gregorii) is largely confined to the Dampierland, Central Kimberley, 
Northern Kimberley and Victoria Bonaparte bioregions, with minor incursions into the 
Ord Victoria Plains. To the south lie the inhospitable Great Sandy and Tanami Deserts, 
and to the east the Sturt Plateau, Daly Basin and Darwin Coastal regions (Fig. 39). 


2.3.3.1  Dampierland Region (Tree Savanna and Grassland) 


Climate hot, semi-arid, tropical with 250-800 mm summer rainfall. (1) Quaternary 
sand plain overlying Jurassic and Mesozoic sandstones (Pindan) with hummock 
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grasslands on the hills. (2) Quaternary marine deposits on coastal plains, with 
Acacia leptocarpa (mangal), Halosarcia spp. (samphire)—Sporobolus grasslands, 
Melaleuca acacioides low forests, and Spinifex—Crotalaria strand communities. 
(3) Quaternary alluvial plains associated with Permian and Mesozoic sediments of 
the Fitzroy Trough support tree savannas of Chrysopogon—Dichanthium grasses 
with scattered Eucalyptus microtheca—Lysiphyllum cunninghamii. The boab and 
sparse trees of Ficus spp., Lysiphyllum and Nauclea orientalis (Leichhardt pine) 
occur on the grey and brown cracking clays of the broad floodplains of the major 
rivers. Riparian forests of Eucalyptus camaldulensis (river red gum) and Melaleuca 
argentea (cadjeput) fringe drainage channels. (4) Devonian reef limestones in the 
north and east support coarse tree steppe with Triodia intermedia and Т. wiseana 
hummock grasses and vine thicket elements (Beard 1990; Department of 
Environment and Heritage 2000). 

The westernmost limit for the boab is roughly the boundary between the shires 
of Broome and Derby. A few individual trees are known from the western shore of 
King Sound close to the sea. Since some are close to aboriginal middens, they may 
be the result of human dispersal (Boland et al. 1985). The boabs in Broome, like 
others along that stretch of coast, have been planted. 


2.3.3.2 Central Kimberley Region (Tropical Rain Forest, Mixed Broad-Leaved 
and Evergreen Forest) 


Climate dry, hot, tropical, sub-humid to semi-arid with 400—800 mm summer rain- 
fall. Hilly to mountainous country with parallel siliceous ranges of Proterozoic 
sedimentary rocks, and skeletal sandy soils supporting Plectranthus pungens hum- 
mock grasses with scattered trees, and soils on Proterozoic volcanics in the valleys 
supporting Chrysopogon spp. (ribbon grass) and scattered trees, including the boab. 
Open forests of Eucalyptus camaldulensis and Pandanus spiralis occur along drain- 
age lines. 

The boab will grow at altitudes up to 400 m on a wide range of soils, but is most 
common on the sandstone hills, the coastal plain and the granite hills between the 
King Leopard and Napier ranges, and on the limestone hills of the Oscar and Napier 
Ranges. Large populations occur around 300km inland in the Glenroy and 
Tableland areas, with the southernmost individuals reportedly along Gee Gully 
(Gardner 1923; Boland et al. 1985; Beard 1990). 


2.3.3.3 Northern Kimberley Region (Tropical Rain Forest) 


Climate dry, hot, tropical and sub-humid with > 700mm summer rainfall. Dissected 
plateau of Kimberley Basin. Savanna woodland of Eucalyptus miniata (woollybutt) 
and Е. tetrodonta (Darwin stringybark) with tall Sorghum spp. grasses and 
Plectranthus schinzii hummock grasses on shallow sandy soils on outcropping 
Proterozoic siliceous sandstone strata. Savanna woodlands of Eucalyptus tectifica—E. 
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grandiflora alliance with tall sorghum grasses on red and yellow soils mantling 
basic Proterozoic volcanics. Riparian closed forests of Melaleuca spp. (paperbark) 
trees and Pandanus occur along drainage lines. Extensive stands of Acacia lepto- 
carpa (mangal) present in estuaries and sheltered embayments. Numerous small 
patches of monsoon rain forest are scattered through the district. 

Here the boab sometimes occurs in pure stands but is also found scattered 
among Grevillea spp. or, in the wetter areas, in association with rain forest species, 
and with Eucalyptus in the drier areas, especially along watercourses where some 
rain forest species may also occur. (Beadle 1981; Department of Environment and 
Herritage 2000). 


2.3.3.4 Darwin Coastal Region (Rain Forest) 


Climate dry, hot, tropical, semi-arid with summer rainfall. Gently undulating 
plains on lateritised Cretaceous sandstones and siltstones, sandy and loamy red 
and yellow earths, and siliceous sands from near the mouth of the Victoria River 
to just west of the Cobourg Peninsula. The most notable vegetation feature is the 
extensive and diverse floodplain environment associated with the lower reaches 
of the many large river systems. There are also substantial areas of mangroves, 
and rain forest and other riparian vegetation fringing the rivers. Inland from the 
coast, the dominant vegetation type is tall, open, Eucalyptus forest, typically 
dominated by Е. tetrodonta (Darwin stringybark) and E. miniata (woolybutt). 
Boabs are present in the south-west; the boab in Darwin is introduced (Department 
of the Environment and Heritage 2000). 


2.3.3.5 Victoria Bonaparte Region (Mainly Mixed Broad-Leaved and Evergreen 
Forest, Some Tropical Rain Forest) 


Climate dry, hot, tropical, semi-arid with summer rainfall. Phanerozoic strata of the 
Bonaparte Basin in the north-west are mantled by Quaternary marine sediments 
supporting Halosarcia—Sporobolus grasslands and Acacia leptocarpa, and by red 
earth and black soil plains with an open savanna of tall grasses. Outcrops of 
Devonian limestone karst in the west support tree steppe and vine thicket. Plateaux 
and abrupt ranges of Proterozoic sandstone, known as the Victoria Plateau, occur 
in the south and east, and are partially mantled by skeletal sandy soils with low tree 
savannas and hummock grasses. In the south-east are limited areas of gently undu- 
lating terrain on a variety of sedimentary rocks supporting low Eucalyptus brevifo- 
lia (snappy gum) with hummock grasslands, and also gently sloping floodplains 
supporting Melaleuca minutifolia low woodland with annual Sorghum spp. 
(Department of the Environment and Heritage 2000). 

The boab is uncommon in the Osmond and Bungle Bungle plateaux region, 
and is restricted to a few stream levees dominated by Eucalyptus confertifolia and 
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E. papuana woodland near Winnama Gorge, in Turkey Creek and near the Bungle 
Bungle Outcamp (Forbes and Kenneally 1986). 

Further east, the limit of the boab appears to coincide with that of the Victoria River 
Basin, approximately 32km east of the Victoria River Inn (Boland et al. 1985). 

The boab also grows in open Acacia—Terminalia savanna woodland on reddish 
brown loams in the Victoria and Ord river valleys, and in the Gregory National Park 
at Bullita as an emergent in open woodland on alluvial plains in association with 
Eucalyptus pruinosa (silver box) and E. tectifica (Darwin box). In the drier, usually 
low nutrient, sandy soils and skeletal soils, usually overlying sandstones, two sig- 
nificant woody elements may be found that may have been more widely distributed 
in the past: the boab and Callitris columellaris (white Cyress pine). The Cypress 
pine extends throughout the north and east of Australia but tends, like the boab, to 
be restricted to areas of low fire frequency (Boland et al. 1985; Cole 1986; Bowman 
et al. 1988; Bowman 1998). 


2.3.3.6 Ord Victoria Plains Region (Mixed Broad-Leaved and Evergreen Forest) 


Climate dry, hot, tropical, semi-arid with 350-500 mm summer rainfall. Level 
to gently undulating plains with scattered hills on Cambrian volcanics and 
Proterozoic sedimentary rocks, vertisols on plains and predominantly skeletal 
soils on hills; grassland with scattered Eucalyptus dichromophloia (bloodwood) 
and E. brevifolia (snappy gum) with spinifex and annual grasses. The lithological 
mosaic has three main components: (1) Abrupt Proterozoic and Phanerozoic 
ranges with scattered hills mantled by shallow sand and loam soils supporting 
Triodia hummock grasslands and sparse, low trees. (2) Cambrian volcanics and 
limestones form extensive plains with short grass (Enneapogon spp.) on dry 
calcareous soils and medium-tall Astrebla and Dichanthium grassland commu- 
nities on cracking clays. Riparian forests of Eucalyptus camaldulensis fringe 
drainage lines. (3) In the south-west, Phanerozoic strata are often expressed as 
lateritised, upland sand plains with sparse trees. This component recurs as the 
Sturt Plateau Region (STU) in central Northern Territory (Department of 
Environment and Herritage 2000). 


2.3.3.7 Great Sandy Desert Region (Semi-Arid Steppe) 
Monsoonal influences are apparent in the north-western sector of this region. The 


climate is arid tropical with 250—350 mm summer rain, but too dry to support the 
boab. 


2.3.3.8 Tanami Region (Semi-Arid Steppe) 


The climate is arid tropical with 250—350 mm summer rain. Again too dry for 
the boab. 
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2.3.3.9 Sturt Plateau Region (Semi-Arid Steppe) 


Gently undulating plains on lateritised Cretaceous sandstones; neutral sandy red 
and yellow earths; Eucalyptus dichromophloia (variable-barked bloodwood) wood- 
land with spinifex understory. The boab barely enters beyond the western 
boundary. 


2.3.3.10 Daly River Basin Region (Rain Forest) 


Gently undulating plains and scattered low plateau remnants on Palaeozoic sand- 
stones, siltstones and limestones, neutral loamy and sandy red earths. The vegeta- 
tion consists of open forest with Eucalyptus tetrodonta (Darwin stringybark) and E. 
miniata (Darwin woollybutt) with perennial and annual grasses, but no boab 
(Department of Environment and Herritage 2000). 

Boabs occur in a wide range of habitats, including open-woodland formations, 
where individual trees are usually widely spaced; they occasionally grow in small 
copses, the result of regeneration from one or more parent trees. They are often 
associated with several deciduous genera, such as Bauhinia, Brachychiton, 
Cochlospermum, Eucalyptus spp. and Terminalia. The boab occupies semi-relict 
habitats, such as fire shadows, and is best developed on protected sandstone scree 
slopes and in rugged limestone country. The presence of ground water would 
appear to be an important factor controlling the boab’s distribution since trees tend 
to be concentrated along seasonal waterways and occupies alluvial flats and flood 
plains of the larger rivers, where they are reported to achieve their greatest growth. 
However, because the boab is a poor competitor since it does not grow in forests 
bordering permanent rivers. It can also be found growing in seepage zones at the 
base of rocky outcrops and on cliff-sides and steep hill-slopes where a constant 
supply of underground water would appear improbable. Boabs occur along at least 
1,000 km of coastline, from altitudes near sea level to 400 m in the Kimberley. The 
northern limit is unclear, but it is likely that throughout much of its range it extends 
to the coast (Mueller 1893; Gillison 1983; Brock 1988; Baum and Handasyde 1990; 
Baum 1995b). 

Bowman (1997) was puzzled as to why the boab does not occur further east, in 
the Gulf region of Northern Territory, where the environmental conditions are similar 
to those of north-western Australia, and speculates that its absence might be related 
to past environmental conditions. Bowman considers the shift from Aboriginal land 
management, with frequent, low intensity and spatially limited burning, to a 
European pastoral system and associated overgrazing, to be responsible for recent 
changes in the spatial distribution and population structure of the boab. The massive 
population recruitment on the river flats at Bullita, Northern Territory, and the 
absence of recruitment on rocky sites exposed to wild fires, are regarded as evi- 
dence of such changes. Bowman also noted the capacity of seedlings to re-sprout 
from their tuberous taproots following fire. The numbers of successive fires they 
can survive and the age at which seedlings loose their ability to re-sprout have yet 
to be determined. 


Chapter 14 
Phytogeography 


Phytogeography is defined by Good (1964) as ‘that branch of botany that deals with 
the spatial relationships of plants both in the present and the past’. While there is 
no clear demarcation between phytogeography and ecology, Good’s definition indi- 
cates a concern with the evolution of plant distribution in geological time as well 
as plant distribution today. Phytogeographical areas are governed by the world’s 
climatic belts and phytogeography is concerned with the floristics of the common 
pool resulting from historical factors; ecology is concerned with the segregation of 
species within the common pool by environmental factors (Wickens 1976). 


1 Phytogeography 


The need to divide the global flora and fauna into meaningful biogeographical units 
based on the natural distribution of plants and animals has led to the establishment 
of phytochoria and zoogeographical choria of various ranks. A ‘phytochorion’ is 
defined as a chorological vegetation unit of any rank, e.g. region, domain, etc. 
Phytochoria are natural floristic areas that broadly correspond to climatic types, and 
are based on the total number of species with the same concentric distribution 
pattern. A phytochorion may embrace a range of different ecosystems, and some 
extend from mesic to arid environments. Thus, in the higher phytochorial divisions 
the range may be considerable, while in the lower divisions it is likely to be corre- 
spondingly smaller (Renvoize et al. 1992). For a more detailed discussion see 
Clayton and Cope (1979). 


1.1 Continental Drift and Other Theories 


Gondwana is a name used by the great Austrian geologist Eduard Suess (1831—1914) 
for fossiliferous beds in the Gondwana region of central India (from Gond, an 
ancient Indian tribe, and wana, meaning land), a term now applied to the former 
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southern supercontinent, which later broke up to form South America, Africa, 
India, Australia and Antarctica. The land in Gondwanaland is clearly tautological 
(Fortey 2005). 

An understanding of past and present views on Gondwana and its break up are 
essential to our understanding of the differing views held by phytogeographers in 
interpreting plant distribution in relation to continental drift. Our present-day 
concepts are based on the pioneer work of the German meteorologist and geophysicist 
Alfred Wegener and his theory of continental drift (Wegener 1915, English translation 
1924). Wegener believed that the outer layers of the earth’s crust had the consistency 
of a viscous liquid in which the semi-rigid continents or sial ‘floated’, partially 
submerged in the underlying sima. Weaknesses in his hypothesis were later countered 
by evidence of sea floor spreading, and finally the two concepts were combined 
into one theory of plate tectonics. 

At first, the continental drift theory obtained little or no support from those 
phytogeographers who believed in the steady state principle, according to which the 
position of continents were fixed in the distant past, before the evolution of 
Angiosperms during the Jurassic, in 179-158 MaBP. The then current knowledge 
of polar shift and palaeomagnetism was discounted. Many were the theories to 
explain the disjunct distributions of flora and fauna. Croizat (1952, 1964), for 
example, favoured the idea of an ‘African Gate’ with the Bombacaceae, now known 
as the Bombacoideae, migrating northwards from ‘Antarctica’ through Madagascar, 
across into Africa and via the East Indies to Australia. He assumed a distribution 
for the Bombacoideae prior to the break up of Gondwana, an idea that cannot now 
be supported by floral evolution and geological evidence. 

Simpson (1940), a critic of the various theories produced by phytogeographers, 
wrote: 


So multiple and varied are the facts and conjectures that have been published in this field 
that judicious selection and emphasis of them can be made to support almost any opinion 
not completely irrational. No one person can hope to know at first hand all the pertinent 
data, and a general review of the literature leaves one feeling that it can be taken to prove 
any of a dozen conflicting theories and that it therefore proves nothing. 


Faute de mieux, the botanist van Steenis (1962) formulated the theory of transoceanic 
land bridges formed by geological changes in ocean floor levels, an idea no doubt fos- 
tered by his wide experience in Southeast Asia and the floras of its numerous islands. 
Even then, van Steenis was unable to suggest a direct migration pathway between 
Africa/Madagascar and Australia for such shared genera as Adansonia, Caesia, 
Hibbertia, Keraudrenia and Triraphis. As Herbert (1950) pointed out, to be effective, 
land bridges must have some reasonable continuity of habitats with suitable edaphic 
and climatic conditions. For non-wind pollinated plants, suitable pollen vectors must 
also be available. In the absence of land bridges, dispersal between the African and 
Australian continents would entail sea transport over distances in excess of 8,000km, 
even in a direct west to east direction. While sea dispersal is a more likely alternative 
to a land bridge for some of the above-mentioned species, it is doubtful whether the 
seed of the grass Triraphis, for example, could survive such a journey. A high standard 
of taxonomy is critical for anyone studying allegedly disjunct distributions. 
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The phytogeographer Good (1964) declared both the steady state principle and 
the land-bridge theory to be geologically untenable as well as incapable of 
explaining the incompatibility of a number of distribution patterns. Since the 
petrography of the ocean floors is markedly different from that of the continental 
areas, the likelihood of the seabed ever having been land is clearly low, except in 
a very few cases (Hawkes and Smith 1965). Professor Good concluded that only 
continental drift could provide a satisfactory explanation for the past and present 
distribution of plants. 

Hess (1960) first proposed the idea of sea floor spreading, which was followed 
by the theory that the earth’s crust is composed of a series of rigid plates. These 
ideas were brought together by the Isaaks et al. (1968) in the theory of plate 
tectonics to show how the movement of these plates in relation to each other is 
responsible for the major features of the earth’s surface. The description of such a 
mechanism supports Wegener’s original theory, providing a convincing explanation 
of continental drift and the distribution of the world’s fauna and flora. As the plates 
drifted apart to form the present continents, each carried a different selection of 
the fauna and flora. 

Palaeomagnetism had now become accepted as a geological fact, and was used 
to plot changes in the relative positions of the continents. Although the position of 
the earth’s magnetic poles changes over time, certain igneous and sedimentary 
rocks acquire a permanent record of the earth’s magnetic field at the time of their 
formation by virtue of their iron content. By plotting over a sufficiently wide area 
the direction of the preserved magnetism from a particular geological horizon in 
relation to the north or south magnetic poles, it became possible to plot the 
movement of the poles in geological time (Tarling and Tarling 1972; Whitten and 
Brooks 1972). The positioning of the southern continents prior to the break up of 
Gondwana has been determined by the use of geological and geophysical data to 
find the best geometrical fit at the depth 500 fathoms (914.5 m). 

The earliest recognised angiosperms first appeared in the fossil pollen record 
from the Valanginian—Hauterivian of Israel and Italy in the Jurassic, 179—158 MaBP, 
shortly (in geological time) before West Gondwana (South America and Africa) 
began to split apart in 130—125 MaBP. The last direct land connection was severed 
at the end of the Albian, 96MaBP, with the Rio Grande Rise/Walvis Ridge and 
Sierra Leone Ridge forming more or less continuous stepping stones between the 
two land masses until 88—85 MaBP. There may have been an island-hopping migra- 
tion route in the South Atlantic during the Eocene until 45 MaBP. Certainly Morley 
(2003) claims that continental connections between South America, Antarctica and 
Australia were possible from before the origin of angiosperms until the close of the 
Eocene, c. 40 MaBP and that this route may have been possible for certain meso- 
thermal taxa (e.g. Bombacoideae, Polygonaceae, Restionaceae and Sapindaceae). 

Throughout most of the Cretaceous, from 148-80 MaBP until the Paleocene, 
63 MaBP, Africa drifted some 2,800km towards Europe, when, as a result of 
continuing compression, the Atlas and Alpine systems were formed. During the 
following 10Ma Africa drifted away from Europe, thereby breaking the only direct 
connection between the northern and southern hemispheres allowing angiosperm 
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movement. The connection was re-established during the Early Miocene, c. 18 MaBP, 
when Africa again converged on Europe. 

During the late Mesozoic and Tertiary successive uplifts occurred in eastern and 
southern Africa, resulting in the Great African Plateau, most of which is more than 
900 m above sea level, and in watershed areas throughout the continent; peneplanation 
appears to have accompanied each plateau uplift. In the mid Miocene, c.15 MaBP, 
the development of the Great Rift Valley resulted in the separation, still in progress, 
of Arabia from Africa to form the Red Sea and the Gulf of Aden. 

During the Early Cretaceous East Gondwana (India, Australia and its bordering 
lands and Antarctica) provided direct migration routes to West Gondwana via both 
Antarctica and India-Madagascar. The Indian Plate separated from this land mass 
in the Aptian, 125-119 MaBP, but still provided a fairly direct but interrupted 
dispersal route across the Indian Ocean between Africa and Australia. From 
c. 80MaBP India moved rapidly northwards until it collided with Asia in the 
Middle Eocene, 50-39 MaBP, resulting in the upthrust of the Himalayas and the 
Tibetan Plateau (Raven 1983; White 1983; Morley 2003; Fortey 2005). 

The location of Madagascar against Africa determines the assumed positions of 
India, Australia and Antarctica during the break up of Gondwana (King 1973), and 
is therefore of considerable phytogeographical importance. The paucity of 
geophysical evidence from Antarctica has meant that the positioning of Australia 
has been largely determined by geological evidence. According to most geologists 
and geophysicists today, Madagascar broke away from Africa during the late 
Cretaceous from a more northerly position between Somalia, Kenya and Tanzania 
in the west and India in the east, and then slid southwards to its present position 
(Smith and Hallam 1970). Others provided evidence suggesting a more southerly 
derivation for Madagascar, from the mouth of the Zambezi River (Tarling 1972a, b; 
King 1978), but their claims failed to find support. Recent studies have shown that 
Madagascar began to break away even earlier. The Mozambique Channel was 
apparently formed c. 250-220 MaBP during the period from the Middle Permian to 
the Lower Triassic, Madagascar drifting away in the Middle Jurassic (at about the 
same time as the initial break up of Gondwana) and reaching its present position in 
the early Cretaceous, 121 MaBP (Brenon 1972; Rabinowitz et al. 1983). Seafloor 
anomalies in the Indian Ocean do not indicate any large movement of Madagascar 
during the past 75 Ma (Tarling 1972a). Furthermore, the Mozambique Channel 
separating Madagascar from Africa consists of two identical basins lying one on 
either side of a longitudinal, median, sandstone ridge. The sediments of these two 
basins were laid down with no discontinuities since the Cretaceous. From this 
evidence it follows that Madagascar is part of the African continental plate, and 
must have occupied its present position from very early times (Paulian 1984). 

Wild (1975) considered the distribution of some 80 species common to 
Madagascar and mainland Africa, and followed Smith and Hallam (1970) in the 
northerly position for Madagascar. Such a view assumed an Upper Cretaceous 
movement of Madagascar away from Africa, wheras the now accepted Middle 
Jurassic break occurred very early in the evolution of the angiosperms. Indeed, it is 
probable that angiosperms were absent from Madagascar until shortly before its 
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arrival at its present position. Despite the absence of data from the Late Cretaceous, 
it is reasonable to assume that by the close of the Mesozoic numerous angiosperm 
lines had arrived in Madagascar, either overland through India or by short distance 
sea dispersal (Schatz 1996). 

Antarctica has remained in its present position for at least 100-90 Ma, possibly 
with some rotational movement. The Tasman Sea formed during the Late 
Cretaceous—Paleocene, 82-60 Мавр, separating Australia—Antarctica from New 
Caledonia and New Zealand. Rifting between Australia and Antarctica started during 
the Cretaceous, was initially very slow and was not completed until the Late 
Oligocene, c. 32 MaBP. Australia and New Guinea then began to migrate rapidly 
northwards. As Australia began its drift northward, all of New Guinea and much of 
northern Australia were below the sea, with the northernmost tip of Australia at 
about 38°S. New Guinea began to appear above the sea during the Late Eocene, 
c. 40 MaBP, and moved steadily northward with the Australian plate, making contact 
with the proto-Indonesian island arc and coalescing into an extensive land area in 
the Early Miocene, 20-15 MaBP. As the Australian plate moved northwards it 
rotated in an anticlockwise direction to its Mesozoic latitude position, so that the 
south-western 'corner' occupied a more northerly position relative to the rest of the 
continent (Beadle 1981; Raven 1983; Crisp et al. 2004). 

Marine intrusion from the Great Australian Bight c. 30 MaBP, perhaps with 
aridification inland, isolated the south-west. The subsequent uplift of the Nullarbor 
aridity barrier separates the south-west from the south-east. 


2 Phytogeography of Adansonia 


Of the three sections of Adansonia recognised by Baum (1995b), section Adansonia 
contains one species, A. digitata, native to tropical Africa and south-east Arabia, 
section Brevitubae has two endemic species in Madagascar, and section Longitibae 
has five species, four in Madagascar and one in north-western Australia. Bingham 
(1994) argued that Madagascar may not have been the centre of origin for the genus 
since plant species that are dispersed by wide-ranging herbivores never share their 
range with congenic species having the same method of dispersal. From this it follows 
that the baobab could not speciate until it reached Madagascar, where the lack of 
wide-ranging dispersal agents provided the necessary genetic isolation for speciation. 
However, A. digitata is a tetraploid (2n = 160), with a far higher number of 
chromosomes than the other species (2n = 88), indicating that it is the most recent 
species to have evolved (Baum and Oginuma 1994). 

Early interpretations of geological history assumed Madagascar to be the centre 
of diversity and origin for the genus Adansonia (Aubréville 1975b; Armstrong 
1983). Although the monophyly of the Madagascan species makes such a sugges- 
tion feasible, a centre of origin in Australia or Africa should not be discounted 
(Baum et al. 1998b). There is always the possibility of finding new fossil evidence 
that will overturn the current theory. 


312 14 Phytogeography 


Gerber (1895) was the first to suggest that Adansonia originated in Australia. 
He hypothesised from his study of the leaves and floral organs of A. digitata, 
A. madagascariensis (which is possibly a misidentification of A. za) and A. gregorii 
that the progressive anatomical complexity from A. gregorii to A. digitata suggested that 
the genus originated in Australia and migrated eastwards across a now extinct land 
mass to Madagascar, and later to Africa. Assuming the baobab fruits were sea 
dispersed from Australia to Madagascar and currents flowed in similar directions 
to the present currents, a route via the Java and North Equatorial Currents would 
appear possible but improbable. The phylogenic trees (Figs. 36 and 37) of Baum 
et al. (1998) and Baum (2003) certainly indicate an early origin of A. gregorii. 

Aubréville (1975a) postulated a south-westwards migration of the Eurasian 
equatorial belt due to the general north-eastward movement of the original super- 
continent Pangaea. As a result, most of the African continent was invaded by the 
Laurasian flora (Laurasia being the northern counterpart of Gondwana after the 
break up of Pangaea) and thereby provided the original stock of the Sudano- 
Zambezian flora. By assigning A. digitata to the Kalahari domain in southern 
Africa Aubréville was then able to assume a direct migration route for Adansonia 
between Madagascar and Africa, and Madagascar and Australia via India, before 
the break up of western Gondwana (Aubréville 1975a, b, 1976). Later evidence (see 
below), suggests that Australia and Antarctica became isolated from all the other 
land masses during the Triassic to the Late Oligocene. Raven and Axelrod (1972) 
pointed out that the break up of Gondwana and the separation of Africa from both 
South America and Antarctica took place before Adansonia could have evolved. 

Whatever the geological history, the Gondwana break up occurred very early 
in the evolution of the flowering plants. The earliest pollen records place the 
origins of the angiosperms in the Valanginian-Hauterivian of the Early Cretaceous, 
141-132 MaBP, while the earliest fossil pollen record that can definitely be referred 
to living angiosperm genera is from the Senonian in the Upper Cretaceous, 
88.5—73 MaBP. However, DNA sequence data now place the origin of the crown 
group of extant angiosperms in the Early to Middle Jurassic, 179—158 Мавр, and 
that of the eudicots (a monophyletic clade of the dicotyledons) in the Late Jurassic 
to mid Cretaceaous, 147-131 MaBP. DNA sequence data differ from the fossil 
record and place the origins of the Malvaceae in the Early Eocene, 54 MaBP, and 
that of Bombax in the Early Miocene, 17 MaBP (Wikström et al. 2001). Such age 
discrepancies between fossil records and DNA sequencing may be attributed to the 
incompleteness of the fossil record, taxonomic misidentifications and errors in 
the geological ages of fossil-bearing rocks (Near and Sanderson 2004). 

The earliest fossil of the Bombacoideae was recorded in the North Tethyan flora, 
from the Campanian-Santonian in the Upper Cretaceous, 84-80 MaBP, and the 
earliest fossil pollen of the genus Bombacacidites was found in the Maastrichtian 
in south-east USA, c.69 MaBP (Wolfe 1975, 1976; Krutzsch 1989; Wikström et al. 
2001). The Bombacacidites pollen type is assumed to have affinities with Bombax 
and related genera of the Adansonieae, around which the generic limits are contro- 
versial (Kemp 1978; Macphail et al. 1994; Mabberley 1997). However, Bombax is 
not Adansonia's closest relative. Some data sets put Adansonia close to the South 
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American genera Catostemma, Cavanillesia, or Scleronema, or even in a sister-group 
relationship with Rhodognaphalon (Baum 2004, personal communication). 

During the Paleocene and Eocene, 60-40MaBP, the North Tethyan Bomba- 
cacidites spread eastwards into Central Europe and also expanded southwards via 
Central America into South America and across to Central Africa, forming a South 
America-tropical Africa centre of evolution, and probably reached Madagascar 
during the Tertiary. There was a further spread during the Eocene into Antarctica 
and the Antipodes, where Bombacacidites failed to become established. Following 
the Middle Eocene and the onset of cooler climates, Bombacacidites disappeared 
from Central Europe, retreating eastwards into northern India, where it spread 
rapidly through Southeast Asia to become part of a new Asian centre of evolution 
(Muller 1981; Nilsson and Robyns 1986; Krutzsch 1989). 

Wolfe (1975) noted the sudden entry of advanced Bombacoideae pollen types in 
the South American pollen record, which he contrasted with the apparently ancestral 
types from eastern North America, and postulated that the South American 
Bombacoideae may represent three separate invasions by different groups of the 
subfamily. 

Of the 23 genera in the Bombacoideae recognised by Kubitzki and Bayer (2002), 
2] are found in the New World and only Adansonia (8 species in tropical Africa, 
Madagascar and north-west Australia) and Bombax (8 species in tropical 
Africa, Asia and Australia) are found in the Old World. The concentration of the 
Bombacoideae in tropical America lends support to a West Gondwana origin for 
the subfamily. 

Axelrod (1970) argued that the adaptation of Adansonia (and other genera) to a 
dry environment created the impression that they were slightly modified survivors 
from the seasonally dry climate of the Early Cretaceous. 

From their rigorous examination of the biogeography and floral evolution of 
Adansonia using multiple data sets, Baum et al. (1998) concluded that the dispersal 
of the progenitors of A. digitata and A. gregorii must have occurred well after the 
fragmentation of Gondwana and therefore must have been transoceanic. Such a 
means of dispersal is not unlikely given that the fruits of many of the species are 
sometimes water dispersed (Wickens 1982a; Baum 1995b). 

No fossil Adansonia pollen has ever been found. This should not be regarded as 
evidence for a late evolution and dispersal of Adansonia since the chances of pollen 
preservation, discovery and identification, and the time factor are uncertain: ‘a 
taxon is only as old as its youngest fossil’ and ‘absence of evidence is not evidence 
of absence’. The argument by Raven and Axelrod (1972) that the absence of the 
very distinctive Bombacoideae pollen earlier than the Palaeocene, 65 MaBP, indicated 
a late evolution of the family has been overtaken by discoveries of earlier pollen. 
Nevertheless, long-distance dispersal by sea during the Tertiary remains the most 
likely scenario based on the available evidence. 

Baum et al. (1998) further argued from fossil pollen evidence from the 
Upper Cretaceous that the earliest possible period for the origin of the stem lineage 
of Adansonia is during the Lower Campanian, c. 90 MaBP, with the advent of a 
smaller and unsculptured forerunner of Cavanillesia. By the end of the Cretaceous 
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Fig. 40 Hypothesis for pollination and floral evolution in Adansonia under the assumption that 
hawk moth pollination is plesiomorphic, i.e. a primative state whose origin can be traced back to 
a remote ancestor. The relative length of the staminal column (white) and filaments (grey) and the 
bud shape are shown schematically for each extant species. The ancestral state for these characters 
under parsimony is shown at the root. Some floral characters are mapped onto this phylogeny 
based on parsimony. (From Baum et al. 1998.) 


Bombacoideae pollen types (probably Tribe Adansonieae) were present in the 
Upper Cretaceous from the Maastrichtian, 73 MaBP. 

One species of the Old World genus Bombax, B. ceiba, syn. B. malabaricum, is 
found in northern Australia, India and the drier parts of Asia, suggesting a distribution 
before the Gondwana break up. However, present evidence suggests that Adansonia 
represents a separate migration to the Old World from that of Bombax, syn. 
Rhodognaphalon, and that Adansonia used the boreotropical route through Europe 
to enter Africa. Its arrival time in Madagascar and Australia is unclear but was 
probably substantially later, through long-distance fruit dispersal (Baum 2003, 
personal communication). Since the chromosome counts for A. digitata demonstrate 
that it evolved later than its Madagascan counterparts, it follows that the original 
migrant species has disappeared, apparently without trace. 

The reconstruction of the baobabs' floral evolution (Fig. 40) suggests that the 
ancestral pollination system was by hawk moth with two parallel switches to mammal 
pollination by section Adansonia in Africa and section Brevitubae in Madagascar 
(Baum et al. 1998). A phylogenetic analysis by Baum (2003) suggests that the six 
Malagasy species form a monophyletic group of uncertain relationship to the 
African and Australian species (Fig. 41). 
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Fig. 41 Current estimate of Adansonia phylogeny based on DNA sequence data and morpholgy. 
One of the equally parsimonious reconstructions of pollinaton data is mapped into the tree. 
Branching times are estimated, based on internal transcribed spacer sequences using a molecular 
clock combined with the assumption that the divergence of Adansonia from other Bombacoideae 
occurred at 58 MaBP. These dates are very approximate but they do provide a useful working 
hypothesis. (From Baum 2003.) 


Speciation is the division of populations into evolutionarily independent units 
involving genetic separation and phenotyic differentiation. Allopatric speciation, 
i.e. species divergence resulting from geographical isolation, is well documented. 
However, mathematical models have shown that sympatric speciation, i.e. speciation 
without geographical isolation, is possible. It is regarded as highly controversal 
and is only known from a few zoological examples Savolainen et al. (2006) have 
now successfully demonstrated that sympatric speciation is possible in the plant 
kingdom. Their researches on the two endemic species of Howea, on the remote 
Lord Howe Island, have revealed that substantial disjunction in flowering time was 
correlated with soil textures, while a genome scan indicated that a few genetic loci 
were more divergent between the two species than would be expected under 
neutrality, a finding consistent with models of sympatric speciation involving 
disruptive/divergent selection. 

These findings are relevant to furthering our understanding of speciation in 
Adansonia. Table 24 shows a number of sympatric members of Longitubae in 
Malagasy conservation areas. Their presence at these locations does not necessarily 
imply that that is where they evolved but it does suggest that section Longitubae 
speciated in Madagascar. Note the early speciation of A. gregorii, which is believed 
to have evolved from proto-boab after it arrived in Australia, a result of its need to 
adapt to the new environment. The evolution of species in sections Brevitubae and 
Adansonia is not yet understood. 

Baum et al. (1998) postulated from molecular clock inferences and fossil pollen 
records for closely related Neotropical taxa, that the earliest date for dispersal of 
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Adansonia from Africa/Madagascar to Australia would be not later than 17 + 6 MaBP, 
either directly by sea or by no longer extant populations across the northern Indian 
Ocean. By that time Australia would nearly have attained its current position, 
encompassing an extensive tropical zone (Quilty 1994) with suitable habitats 
available for baobabs. However, circumstantial evidence points to a later date, with 
fossil Bombacoideae pollen (Bombacacidites) appearing in Africa by the Paleocene— 
Eocene boundary (Germeraad et al. 1968). 

It must not be assumed that the names of fossil wood and pollen necessarily 
represent species close to modern genera. For example, the fossil genera 
Bombacoxylon and Bombacacidites are unlikely to be more closely related to 
present-day Bombax than to any other Bombacoideae genera. Bombacacidites 
pollen from the Lower Eocene was found in Cameroon. In North Africa 
Bombacoideae wood from Bombacoxylon galetti and B. owenii were found in Late 
Senonian-Eocene deposits in Ethiopia; В. owenii was also found in Oligocene 
deposits of France and Tunisia, and during the Miocene, in Germany, Sardinia, 
Libya, Somalia and Pakistan. B. owenii syn. Dombeyoxylon owenii sensu Koeniguer 
(1967) was present in the Rio de Oro and Algeria in the Neogene. (Beauchamp and 
Lemoigne 1973; Boureau et al. 1983; Dupéron et al. 1996; Hinsley 2005). 

Bombacoideae pollen, represented by Bombacacidites bombaxoides, appeared 
in south-eastern Australia by the early Eocene, reached New Zealand in the Oligo- 
Miocene, and then became extinct (Stover and Partridge 1973; Kemp 1978; 
Macphail et al. 1994). 

In general, angiosperm taxa appeared in south-eastern Australia before New 
Zealand, notable exceptions being the Bombacoideae and, less certainly, the 
Tilioideae from within the Malvaceae (Macphail et al. 1994). Macphail et al. also 
reported the surprising occurrence of Camptostemon (subfamily Malvoideae) 
pollen in south-eastern Australia during the Late Eocene-Early Oligocene, a genus 
now confined to northern Australian and parts of Malesia, a biogeographical region 
that includes the Malay Peninsula, Indonesia, Borneo, New Guinea and the 
Philippines (van Welzen et al. 2005). The presence of both Bombacacidites and 
Camptostemon suggests a migration pathway through Antarctica. Thus, Krutzsch 
(1989) concluded that the main diversification of the Adansonieae in Africa probably 
occurred during the Eocene, 58—35 Мавр, from which Baum et al. (1998) argued 
that the deep splits within the genus Adansonia took place 17 + 6 Мавр. 


2.1 Adansonia digitata 


2.1. African Palaeoenvironment 


Originally part of the great southern land mass known as Gondwana, the African 
continent was created by the break up of Gondwana during the Late Jurassic and 
Early Cretaceous. Since separation the African land surfaces have undergone a 
number of changes, with episodic uplifting during the Cretaceous, Tertiary and 
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Quaternary, and each uplift has been accompanied by notable differential warping 
and tilting. Thus, all pre-existing landscapes were subjected to episodes of denudation 
and deposition (King 1978). 

The separation of Madagascar from Africa began with initial fracturing in the 
Jurassic and was completed by the Middle Cretaceous с. 100 MaBP (Tarling 1972a). 
Assuming a Malagasy origin for Adansonia, this separation suggest that A. digitata 
arrived in Africa by sea dispersal. The presence of A. digitata in south-west Arabia 
accompanied by a number of East African species in the Dhofar coastal strip of 
Oman, is recognised by White and Léonard (1991) as indicating an extension of the 
Somalia—Masai regional centre of endemism of White (1983). This extension into 
Arabia is probably coeval with the invasion of Sahelian elements into Israel via the 
Nile valley during the Miocene, and its partial retreat during the Pliocene (Zohary 
1962). Assuming a former contiguous distribution, A. digitata’s presence in Arabia 
preceded the separation of the African and Arabian plates by the rifting that gave 
rise to the Red Sea and the Gulf of Aden during the Miocene—Early Pliocene 
(Barbour 1961; Gass and Gibson 1969; Roberts 1969; Grove 1980). 

It is very doubtful that the former distribution of A. digitata could have extended 
into India. The absence of early baobab pollen and of any mention in early Sanskrit 
writings is considered evidence for an introduction in fairly recent historical times 
(Burton-Page 1969). Although the Somali Current at times flows strongly past the 
Dhofar coast and then weakly to India, the sea transport of baobab pods to Dhofar 
or India is considered unlikely. 

During the past 2 Ma of the Pleistogene, sometimes referred to as the Quaternary 
(an unstable term based on the appearance of hominid fossils), the global changes 
in temperature had a profound effect on the palaeoclimates. The thermal climate 
was displaced southwards during a glacial due to an extension of the northern 
ice sheet. However, this displacement did not result in a southern extension of the 
intertropical convergence zone (ITC) in southern Africa because the westerly winds 
moved simultaneously northwards. Thus, the summer rainfall area not only diminished 
in size but received less rainfall. At higher latitudes in southern Africa the northerly 
shift of the westerlies during a glacial maximum brought cyclonic rain inland, 
possibly as far as 26° S, and a regime of winter rains to a vast area that today 
receives summer rains. This northward shift of cyclonic rains resulted in a marked 
lowering of the temperature. 

The opposite development occurred during warm glacial and interstadial periods 
when the climatic belts moved southwards. The present savanna and woodland 
regions of southern Africa then received more summer rainfall. The zone of the 
westerlies shifted to higher latitudes so that the rain-bearing depressions could only 
reach a limited area of the south-west Cape in winter. This shift in the rainfall belt 
was accompanied by a considerable amelioration in temperature (Van Zinderen 
Bakker 1978). 

Throughout the last two million years of the Quaternary the climate has fluctuated 
between wet phases (pluvials) and dry phases (interpluvials). During the drier 
phases aeolian sand from the north was deposited over the Sahelian land surface as 
free-draining dunes and deep sand sheets. During the dry phase, c. 20,000 BP, 
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savanna covered much of lowland Africa and the rain forest had contracted to such 
an extent that it offered no barrier to an east to west migration of the baobab. The 
period 20,000-12,000 BP also witnessed the spectacular advance of mobile dunes, 
which stretched from the Atlantic coast to as far east as the Nile, with their southern 
margins more or less parallel to the present-day limit of active dunes but 600—400 km 
further south. 

Over large areas of Sudan's Northern Kordofan Province the now stabilised 
dunes are up to 20-30 m high and the sand sheet as deep as 20—30 m. The baobab 
is unable to grow in such deep, unconsolidated sands. In opposition to the belief 
that glacial periods in the high latitudes were coeval with pluvial periods in the low 
latitudes, Williams (1975) reported sound evidence for late Pleistocene aridity in 
many parts of the tropics, with late glacial, tropical African aridity associated with 
the formation of the Sahel's 5,000 km long belt of fixed dunes. In the Sudan these 
dunes were associated with a southward shift of the isohyets by around 200—450 km 
(Warren 1979). 


2.1.2 Palaeoenvironments and Adansonia digitata 


The present-day distribution of A. digitata within the chorological divisions of 
White (1983) is discussed in Chapter 13 and shown in Fig. 32. The relatively flexible 
chorological divisions correspond approximately to the more traditional hierarchial 
classification by kingdoms, regions and domains. 

The distribution of the baobab in Kordofan along fossil drainage lines is dis- 
cussed in Chapter 13. This is the only evidence in western Sahel of the baobab’s 
association with a riverine system, whereas in West Africa and south of the equator 
the baobab is largely found in the major river catchment areas. Further study of the 
pre-Pleistocene drainage systems of the Sahel should tell us more about the 
baobab’s association with water. 

The present disjunct distribution of the baobab in West Africa requires an expla- 
nation. Schweinfurth in Chevalier (1906) was of the opinion that the baobab may 
have been continuously distributed from the Atlantic to the Indian Ocean and sug- 
gested that the link had been destroyed by grass fires. However, while a previous 
continuous distribution may have been the case, fire is unlikely to have been the 
main cause of the disjunction. It may, however, have contributed to the maintenance 
of a disjunct distribution resulting from the vicissitudes of the Pleistocene sand 
invasions following the regression of Mega-Chad. 

Assuming a pre-Quaternary trans-Sahelian distribution for the baobab, its 
isolation in West Africa could be attributed to the destructive effects of flooding in 
the Chad basin during the Quaternary pluvials and the formation of the Mega-Chad 
lake (Fig. 42). 

The last major flooding, c.10,000 BP, covered an area of 40,000—300,000 km", 
and was followed by several minor fluctuations of water level. This last major 
flooding is important phytogeographically since it would have resulted in the 
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Fig. 42 The Sahel environment during the Pleistocene. (From Wickens 1974; Talbot 1980.) 


destruction of all baobabs in the basin. The subsequent failure of the baobab to 
re-establish itself across the Chad basin may have been due mainly to the deep, 
unconsolidated, sand deposits formed during the pre-12,000 BP dune incursions 
(Hunting Technical Services 1964; Grove and Pullan 1964; Grove and Warren 
1968; Warren 1970; Hamilton 1976; Dumont 1978; 1982; Wickens 1976; Grove 
1977; Talbot 1980). The distribution maps of Wickens (1976) show a number of 
species with similar disjunct distribution patterns. 

The baobab is absent from the northward salient of Anogeissus leiocarpus 
savanna woodland on the stabilised sand sheets of the Qozes Salsilgo and Dango 
described by Parry and Wickens (1981) to the south of Jebel Marra. 

The fixed dunes of these two sandsheets demonstrate that the Sahara at one time 
advanced over 500km to the south of Jebel Marra. The fossil oil palms (Elaeis 
guineensis) in the southern foothills (Wickens 1975) and diatomite evidence for a 
large lake at Barbis during the early Pleistocene, 50,000—1,000 BP, strongly suggest 
that rain forest reached Jebel Marra via gallery forests, and that the northern limits 
of the savanna formerly lay well to the north of Jebel Marra (Williams et al. 1980). 
The Jebel Marra massif complex and its northern outlier, Jebel Gurgeil, together 
with the Qozes Salsilgo and Dango to the south, now form an effective barrier to 
any westward migration of the baobab. It is possible that the joint effects of a 
very high saturation deficit and the low relative humidity of the Sahel inland 
(Le Houérou et al. 1993) negated the effectiveness of what would otherwise be an 
adequate rainfall for germination and establishment. 

Chevalier (1906) provided an interesting alternative theory, that the baobab was 
native to the Atlantic coastal regions and had been gradually introduced further and 
further eastwards into the interior of Africa by man. This implies that the genus 
originated in tropical America and migrated to western Africa, whereas it is now 
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believed that Madagascar was the putative centre of origin. Nevertheless, 
Chevalier’s proposal does suggest an alternative explanation for the isolation of the 
West African baobabs. After the baobab had spread across southern Africa, the 
northward flowing Benguela Current could have transported fruit from Angola to 
the Gulf of Guinea. This intriguing idea suggests that the baobab may not have been 
introduced by man to islands in the Gulf of Guinea and the Cape Verde Islands. 
Mega-Chad and the deep sands of the Sahel ensured that the baobab and other 
Sahelian species did not spread eastwards across Chad to the Sudan. 

Although the baobab is present in the broad-leaved woodlands of the Sudanian 
region of West Africa, there are no records of it in the botanically little-explored 
southern Chad, northern Central African Republic and southern Sudan, suggesting 
a disjunct distribution between the northern Sudan and the Somalia Masai region, 
which requires an explanation. 

During the early Holocene, с.11,000-7,000 BP, the climate was warm and wet. 
There were high water levels in both the White and Blue Niles, with overbank 
flooding of the Blue Nile. The flow of the White Nile was impeded, suggesting 
extensive swamps along the White Nile and its tributaries (Adamson et al. 1982; 
Wickens 1982b; Williams et al. 1982). It is possible that the alluvial clays of the 
White Nile and Bahr el Arab flood plains effectively isolated the baobabs from the 
Anogeissus—Khaya-Isoberlinia woodlands of southern Sudan, causing the disjunct 
distribtion between the Sudan and Kenya. Fire and overgrazing would have 
prevented any recent recolonisation of suitable areas within the edaphic grasslands 
of the White Nile and Bahr el Arab flood plains. 

Fluctuations in equatorial rainfall during the Miocene-Pleistocene must have 
brought about expansions and contractions of the rain forest and other communi- 
ties. Contractions of the rain forest would have enabled the baobab to spread from 
eastern Africa to Angola, or vice versa. 

Maley (1991) believed that from 9,000 BP the rain forest expanded during a 
period of high rainfall to cover the Dahomey Gap. The Gap reappeared during 
the Late Holocene, c. 3,700 BP. This was associated with the upwelling of cold 
water in the Benin Gulf and the reappearance of the ‘little dry season’ inland. The 
‘little dry season’ was usually during August and September, as opposed to the ‘great 
dry season' from December to February. Assogbadjo et al. (2006) believe that this 
was the period when the baobab probably arrived in the Dahomey Gap. 

An increase in rainfall would have resulted in a considerable decrease in 
mopane-baobab woodlands (or the equivalent community) of the Limpopo, 
Zambezi and Cunene valleys. A decrease would have produced a northerly shift in 
the vegetation, accompanied by an increase in mopane—baobab woodland at the 
expense of Brachstegia-Acacia-Isoberlinia open woodland in the east, while 
mopane-baobab woodland would have extended northwards along the coastal plain 
of Angola (Cooke 1964; Axelrod and Raven 1978; White 1993b). 

If the West African population originated in Angola or East Africa via the 
Sudan, there may still be some taxonomic or DNA evidence to confirm this. More 
fieldwork and herbarium collections are clearly required. 
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2.2 Malagasy Species of Adansonia 


2.2.1 Malagasy Palaeoenvironments 


At present there is insufficient information to establish an accurate picture of the 
early climatic history of Madagascar and of biome development for the whole 
island during the Tertiary period, 65—2 MaBP. Today, the regional plant formations 
correspond well with the climatic zones which, in turn, appear to conform to topography, 
plate tectonics, and regional patterns of air and water circulation. By considering 
the origins of the climatic zones Wells (2003) was able to speculate on changes in 
vegetation patterns. 

From mid- to late Cretaceous, Madagascar may have had a moist, temperate climate, 
particularly along its coasts. It may have been during this period that the present-day 
cool, dry, interior highland floras and cool, moist montane floras originated in the 
lowlands and retreated to the highlands. As Madagascar drifted southwards during 
the Paleocene and Eocene much of the island passed through the subtropical arid 
zone with, starting in the north, widespread arid environments probably preceding 
humid forests. Since Madagascar is smaller than the arid zone through which it 
passed, it is possible that its passage was accompanied by a widespread loss of 
biota. As it emerged into the trade-wind belt, moister conditions prevailed in the 
east and north, while the west and south-west, being in the rain shadow of the central 
highlands, remained dry. From this conceptual picture Wells (2003) deduced that 
spiny deciduous bush thicket is older than the rain forests of the east and is now 
much reduced in area. 

In view of the intense post-Eocene lateritic weathering in the east and the position 
of Madagascar throughout the Eocene astride the subtropical arid belt, it is likely 
that rain forest conditions started on the eastern watershed during the Oligocene. 
The contraction of the arid zone into the south-west, as Madagascar drifted into 
somewhat moister tropics during the Paleocene to Eocene, would have been accom- 
panied by an increase in deciduous semi-arid to subhumid forests from what is now 
Toliara to north-east of Ankarafantsika. The far north-west would have become 
significantly wetter with the onset of the Indian monsoons about 8 Ma ago or later 
making the Sambirano forest the most recent biome (Wells 2003). 

In the extreme south, the end of the Neogene, 2 MaBP, corresponded to a period 
of high seasonal rainfall, followed by the establishment of coastal dunes and periods 
of fixation and rubefaction, i.e. pluvials and inter-pluvials. The Holocene witnessed 
a progressive decrease in total annual rainfall to the present, when the conditions 
are semi-arid with irregular rainfall. In contrast to the extreme south, the central 
uplands were predominantly dry during the Neogene. In the Pleistocene there 
followed three pluvials. The second pluvial was followed by an inter-pluvial from 
35,000 to c.10,000 BP, and a third pluvial from 10,000 BP (Battistini 1996). 

The Malagasy environment is usually constructed as a continuous climax forest 
prior to the arrival of humans (Perrier de la Bathie 1921; Humbert 1927), a picture 
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implying a catastrophic destruction of the forest following colonisation. However, 
pollen samples from near acarbon-dated vertebrate subfossil site at Ampasambazimba 
in central Madagascar indicated that a mosaic of woodlands, bushlands and savanna 
existed in c. 8,000-7,000 BP. Although most of Madagascar’s extinct ‘subfossil’ 
fauna are believed to have been forest dwellers, several are plausibly placed in more 
open habitats, such as that inferred for the Ampasambazimba area. The bizarre and 
highly endemic xerophytic flora of southern Madagascar does not tally with the 
idea that the island had previously been covered with a continuous rain forest. 

Because dry savanna woodland burns more readily than dense forest, colonisation 
and fire would have transformed the savanna environment. Once cleared, the original 
forest would have rapidly been replaced by secondary growth and then by 
grassland. Continuous burning thus soon brought about an irreversible environmen- 
tal destruction (Burney 2003). 


2.2.2 The Phytogeography 


The phytogeographical divisions of Madagascar (Fig. 34) recognised by White 
(1983) follow the major divisions of Humbert (1955). 

The East Malagasy region embraces the central mountains and eastern plains. 
Apart from the Sambirano domain, a western coastal outlier of the region, it is of 
no further interest to this present study. 

The West Malagasy region, in which two domains are recognised, occupies the 
western side of the island from sea level to about 800 m. 

The Southern domain of White (1983) is represented in south-western 
Madagascar by a limestone escarpment up to around 400m high, descending to a 
narrow coastal plain. The region lies in the rain shadow of the mountains; the south-east 
monsoon provides an annual rainfall of 300-500 mm, which comes mostly in the 
summer as local heavy showers, although some rain may fall during every month 
the year. A cold current parallel to the coast causes atmospheric moisture to condense 
over the sea, thereby increasing the aridity of the winds reaching the land. Even so, 
nightly dew during the dry season months of March to November may be a useful 
source of moisture for the plants. The dry season normally lasts at least 8 months, 
although droughts may last 12—18 months. 

The vegetation consists of deciduous thicket dominated by the endemic family 
Didiereaceae, especially species of Didierea and Alluaudia, with arborescent species 
of Euphobia codominant. In addition to the above the pachycaul habit (see Chapter 
12) is represented by Adansonia and Pachypodium (UNESCO 1979; White 1983; 
Rabesandratana 1984; Walter and Breckle 1986). 

The genus Adansonia is well represented in Madagascar by six indigenous species, 
compared with one (A. gregorii) in Australia and one (A. digitata) in Africa. The 
latter is also found around Mahajanga (Majunga) in Madagascar, where it is 
believed to have been introduced by Arab traders. 

The Madagascan baobabs are restricted to the West Malagasy region and the 
Sambirano domain. A. suarezensis occurs in the Northern sector of the Western 
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Domain and A. grandidieri in the Middle West sector; A. perrieri is endemic to the 
Sambirano domain and A. madagascariensis is found in the Northern and Ambongo- 
Boina sectors of the Western domain. A. rubrostipa (syn. A. fony) and A. za occur 
throughout the Western domain except for the Northern sector; both penetrate the 
Southern domain, where they are constituents of the scrub vegetation. 


2.3 Adansonia gregorii in Australia 


2.3.1 Australian Palaeoenvironments 


The interpretation of Australian palaeoenvironments is rather speculative since the 
bulk of the evidence is from south-east Australia, while the north-west has been 
poorly investigated. A. gregorii only occurs in the north-west, where there is no 
fossil plant evidence for past environments. 

Severe aridity set in during the Pliocene, 5-2 MaBP, resulting from a steepening 
of the latitudinal temperature gradient, an intensification of the subtropical high- 
pressure ridge, and an expansion of the Antarctic ice cap. The extreme wet-dry 
glacial cycles of the present climatic system set in around the Mid-Pliocene, 
2.0MaBP, replacing the mild wet climate of the Early Pliocene. Araucariaceae, 
Nothofagus and Podocarpus disappeared from the southern latitude; thee was a rapid 
increase in shrubby and herbaceous members of the Compositae, Chenopodiaceae 
and Gramineae during the arid periods, and of a sclerophyllous flora dominated by 
Acacia and Eucalyptus during the wetter periods (Crisp et al. 2004). 

During the Late Cretaceous there was a general retreat of marine conditions 
from central Australia. The drainage divide moved north, with run-off from most of 
Australia generally to the south-central coast. In south-east Australia cool conditions 
continued until the Santonian, 87.5-83.0MaBP, when the area became much 
warmer and more humid, remaining so until the end of the Cretaceous. Along the 
west coast sediments are predominantly of biogenic-carbonates containing fossils, 
indicating warm and, at times, subtropical waters. Drainage was localised around 
the cratonic blocks of the region and was minor, except in the north. 

During the Paleocene-Early Eocene, southern Australia had a temperate climate 
with high and probably seasonal rainfall, while along the north-west coast the climate 
graduated from wetter, warm temperate to subtropical conditions in the Carnarvon 
Basin to hotter, drier or arid conditions with seasonal rainfall to the north-east. 
Central Australia drained inland to the newly formed Birdsville Basin. These 
conditions persisted until the Middle—Late Eocene, when a general cooling began. 
This temperature decline was most noticeable around the Eocene-Oligocene 
boundary and persisted through the Oligocene, probably accompanied by more 
marked seasonality of precipitation and greater seasonal and diurnal ranges of 
temperature. Associated with the accumulation of polar ice, this trend continued 
into the Miocene, superimposed on a general trend towards falling temperatures 
and increasing aridity, with periods of major and frequent climatic fluctuations 
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during the Pliocene and Pleistocene. In the Late Pliocene, probably с. 2.4—2.4 MaBP, 
there was a period of glaciation in southern Australia, producing drier conditions in 
central and northern Australia (Kemp 1978; Truswell 1993; Carpenter et al. 1994; 
Quilty 1994; Frakes 1999). 

Quaternary climatic studies by Rognon and Williams (1977) found a curious 
parallelism between the Late Quaternary climatic history of the African Sahel and 
that of southern Australia. The authors suggest heavy rainfall and lower temperatures 
in southern Australia between 40,000 and 20,000BP, dry conditions and less 
mesophytic vegetation in the tropical margins, and aridity in north-east Australia. 
From 17,000—12,000 BP these conditions were followed by aridity, dune building, 
low temperatures and less mesophytic vegetation along the tropical margins, and 
desiccation in semi-arid New South Wales. There was increased precipitation and 
more mesophytic vegetation in both northern and southern Australia from 11,000 
to 5,000 BP, followed by decreased rainfall. In north-west Australia shorter trees of 
narrower girth, better able to tolerate lower rainfall and longer dry seasons, replaced 
the tall mangrove forest of 7,500—6,000 BP. To the north of Darwin, on Melville 
Island, nests of jungle fowl (Megapoides sp.) have recently been radiocarbon-dated; 
the age and distribution of these nests indicates that the rain forests have progres- 
sively retreated between 8,000 and 2,000 BP. In north-east Queensland the pollen 
spectra from several sites on the Atherton Tablelands showed an increase in sclerophyllous 
woodland and a decrease in mesophyll forest elements, suggesting a decrease in 
effective rainfall. 

Stable seif dunes now extend onto the continental shelf of north-west Australia. 
Holocene shallow-water marine and estuarine clays rest unconformably on these 
dune sands, which lack a soil profile and were probably active until the Holocene 
(Jennings 1975; Williams 1975). 

Information is lacking about how tropical anticyclones behaved in the southern 
hemisphere between 12,000—10,000 and 6,000-5,000 BP, when both the temperate 
and tropical borders of Australia were more humid than at present. There is also a 
dearth of accurate information on the climate of central Australia prior to European 
explorations in the 1850s. 

The Aborigines arrived in Australia from Asia at least 40,000 and possibly 
60,000—100,000 years ago. It was a time when sea levels were very much lower and 
Australia was still connected to Papua New Guinea and Tasmania; the extended 
continent was separated by sea from Asia by a distance of only 100km (Johnson 
and Hempstead 2000). 

Following Australia's separation from Antarctica, its flora developed in 
isolation, apart from those taxa capable of dispersal and establishment across the 
oceanic gap. Prior to separation the dominant vegetation of the south-east was rain 
forest dominated by Nothofagus, and included many taxa present in northern 
Queensland today. In central Australia the floras resembled the present-day, 
seasonally dry sclerophyll biome of Eucalyptus woodland, forest and heath, and 
the monsoonal tropic biome of Eucalyptus and Acacia savannas. The sclerophyll 
flora had probably existed on swampy oligotrophic soils at forest fringes from the 
Late Cretaceous onwards. 
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Global climatic change resulting from a steepening of the latitudinal temperature 
gradient led to the onset of glaciation in Antarctica and a significant cooling in 
the Australian Oligocene. Between 25 and 10 MaBP the Australian climate became 
drier and more seasonal as the continent moved north into the subtropical high- 
pressure ridge, which blocks the rain-bearing low-pressure ridges (currently about 
30° S). The fossil pollen record from this period shows a steep decline in the domi- 
nance of Nothofagus and its replacement by a sclerophyll flora dominated by members 
of the Bataceae and Casuarinaceae. According to Herbert (1950), taxa forming 
Australia's xeric vegetation can readily be linked with ancestral forms found in 
more mesic sites bordering present-day arid and semi-arid areas. 

The hypothetical dispersal of Adansonia from Madagascar to Australia must 
not be considered in isolation from that of other biotas with similar distribution 
patterns. According to Beadle (1981) only six genera are shared between Africa/ 
Madagascar and Australia. This is a poor tally in comparison with about 40 shared 
between Australia and South America, an assemblage representing a former 
Gondwana migration via Antarctica. In addition to Adansonia and the composite 
Helipterum there are four monocot genera common to Africa and Australia: 
Bulbine, Caesia, Iphigenia and Wurmbea. Iphigenia in Australia is an extension of 
one of the six species in India. A taxonomic revision has shown Helipterum to be 
represented by Helichrysum in Africa, and by Rhodanthe and Syncarpha in 
Australia (Mabberley 1997). The above taxa probably represent a much earlier 
land migration around the Indian Ocean. None is common to Madagascar and 
Western Australia. It therefore seems that Adansonia was either a much later 
accidental marine migrant to Australia or the sole survivor of a number of such 
migrants. Although pollen evidence is lacking, the accidental migrant hypothesis 
is the most probable. 


2.3.2 Origins and Dispersal of Adansonia gregorii 


A. gregorii, like its closest relatives in Madagascar, is pollinated by hawk moths. 
The distribution of hawk moths suggests that they only arrived in Australia during 
the Early Miocene, after Australia had collided with the Asian plate c. 27 MyBP. As 
it is unlikely that hawk moth pollination could have been lost and regained, it can 
be assumed that the earliest that proto-boab (ancestral A. gregorii) could have 
arrived in Australia was during the Miocene. The palaeoclimates of northern 
Australia are poorly known but since the continent had crossed into the tropics 
shortly before the Miocene, it can be assumed that when proto-boab arrived in 
northern Australia the climate was similar to that of Madagascar (Baum and 
Handasyde 1990). 

Proto-boab is believed to have arrived by dispersal of fruits over the sea from 
Madagascar (Beard 1981). There is no clear evidence as to when this event occurred 
or of the distances between the continents as they drifted apart. From molecular 
clock inferences and palaeopalynological records for closely related neotropical 
species dispersal from Africa and Madagascar to Australia, Baum et al. (1998) 
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postulated that Adansonia arrived in Australia in the early Miocene to Pleistocene, 
17—7 MaBP. The dispersal could have been by sea (5,400km currently separates 
Australia from Madagascar) or indirectly via extinct baobab populations that may 
have been growing along the northern rim of the Indian Ocean. Despite the close 
proximity of Africa, the Madagascan flora exhibits a remarkably high affinity with 
the Asian floras (Schatz 1996). 

Blench (2006b) speculated that linguistic and botanical evidence for contact 
between Austronesians and the north coast of Australia raises the possibility that pods 
of proto-boab may have been carried for food by coastal movements of early modern 
humans or by Austronesian seafarers en route from Madagascar. The findings of 
Baum et al. (1998) for an early Miocene introduction do not support this idea. 

The dispersal of seeds or fruits by sea over large distances is almost entirely 
determined by currents; the palaeocurrents may not have flowed in the same direction 
as they do today. Speculation that Macassans or other visitors introduced the 
baobab can be discounted: speciation from an unknown parentage would have been 
impossibly rapid. 

For sea dispersal the propagules must have access to the sea, either directly or 
by means of a convenient river. They have to be capable of floating, even when 
encrusted with barnacles and marine algae, as well as resistant to the toxicity of 
saline water and the activity of marine borers. Finally, they have to arrive in a viable 
state in a favourable environment, where the seeds can germinate and the seedlings 
compete with the existing vegetation and become established. A freak tidal wave 
could deposit the propagule far enough inshore for establishment. The Kimberley 
coastline varies from wide beaches with a gentle gradient to high cliffs. It experiences 
tidal waves up to 11 m high, as at Derby. Cyclones during the wet season cause tidal 
surges, which could easily carry floating baobab pods inland and deposit them on 
fertile ground (Lowe 2003, personal communication). Successful establishment 
may also depend on the plant being self- or cross-pollinated; suitable pollinators 
and resistance to local pests and diseases are also necessary. 

The currents of the Indian Ocean are shown in Fig. 43. 

During the north-west monsoon (February and March), the North Equatorial 
Current and the South Equatorial Current flow towards the west and on reaching 
East Africa swerve south, the weaker Equatorial Counter Current flowing eastwards 
between them. 

During the south-west monsoon (August and September), the Equatorial 
Counter Current seems to disappear and the North Equatorial Current reverses 
its flow and becomes the Monsoon Current, flowing eastward and south-eastward 
across the Arabian Sea and the Bay of Bengal. Near Sumatra this current curves 
westward clockwise and augments the South Equatorial Current, which circulates 
clockwise in the northern Indian Ocean. The Somali Current also reverses direction 
during August and September, and northern flowing currents attain speeds of 
5 knots or more. 

As the South Equatorial Current approaches Africa it curves south-west and 
divides, a part flowing through the Mozambique Channel and part along the east 
coast of Madagascar. The two branches then unite to form the swiftly flowing 
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Fig. 43 Currents in the Indian Ocean based on Bowditch (1984). (1) Agulhas Current; (2) Somali 
Current; (3) south-west Monsoon Current; (4) North Equatorial Current; (5) Equatorial Counter 
Current; (6) South Equatorial Current; (7) Java Current; (8) Leeuwin Current; (9) Western 
Australian Current; (10) Antarctic Circumpolar Current. 


Agulhas Current. To the south of South Africa the Agulhas Current joins the eastward 
flowing Antarctic Circumpolar Current, also known as the West Wind Drift. A 
small part of the Agulhas Current rounds the Cape of Good Hope and augments the 
Benguela Current. The cold Antarctic Circumpolar Current flows eastwards across 
the southern Indian Ocean to south-western Australia, where it splits. One branch 
continues along the southern coast while the other branch flows northwards along 
the western coast. 

In the eastern Indian Ocean the seasonal flow of the South Java Current is 
affected by the monsoon winds so that its strongest westward flow during August 
coincides with the easterly monsoon winds. 

Throughout much of the southern Indian Ocean the currents are highly variable 
in seasonal strength and direction. The Equatorial Counter Current has a definite 
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eastward flow from late April to early June, when the direction changes to a westward 
flow which again reverses in late August to late November to flow eastwards again. 
The eastward flow extends from the coast of Africa to 90—95° E, with surface 
speeds of between 1.85 and 5.55km hr! (1 and 3 knots). Between 85—95° E the 
current weakens to 1 knot or less and, as the South Java Current, flows south-east 
past the coasts of Java and Sumatra and then southward and westward across the 
westward-flowing South Equatorial Current. The latter has its origins in the Pacific, 
and prevents the South Java Current from entering the Timor Sea. The shallow, 
eastward flow, thereafter known as the East Gyral Current, heads towards Australia, 
feeding the Leeuwin Current off the west coast of Australia. The warm offshore 
Leeuwin Current flows south for only half the year; during the summer months 
prevailing southerly winds halt the southern flow, which is partly replaced by the 
northward flowing West Australian Current, which in turn joins the South 
Equatorial Current. 

Ocean currents do not follow rigid pathways; they vary annually, seasonally and 
interseasonally. Although most of the shallow water along the Kimberley coast 
comes from the Pacific via Indonesia, it is possible that some drift material milling 
around the Timor Sea approaches the Kimberley coast (Bowditch 1984; Cutler and 
Swallow 1984; Fox 1999; Craig 2004; Wijffels 2005, personal communication). 

A tsunami generated by an earthquake along the Java Trench could carry drift mate- 
rial in the shallow waters bordering the Kimberley coast and deposit it well inland. 

The speed of a tsunami is reduced by the rapid braking effect of shallow water, 
which causes an increase in wave height and run-up, i.e. the distance the wave travels 
inland to where the ground reaches wave height; in August 1977, a tsunami at Cape 
Lévéque had a run-up of 6m. 

A tsumani is also influenced by the state of the tide. For example, between 
Broome and Darwin, tides are semi-diurnal (two high and two low waters every 
day) to semi-diurnal with diurnal inequalities, and with an average range of 2.1—7.6 m. 
In the early 1980s, a major tsunami near Darwin came at low tide, which cancelled 
out most of its force. Three hours earlier and there would have been considerable 
damage (Murty 1994). 

There is slight evidence that drift seeds/fruits reached northern Australia by the 
ocean currents described above. The Aldabra archipelago lies in the path of the 
predominantly westward-flowing Equatorial Counter Current but, at various periods 
of the year, may also be acted on by currents flowing north from the east coast of 
Madagascar or north-east from Africa. Drift material known to have been trans- 
ported to Aldabra include a baobab pod with viable seeds, possibly A. digitata from 
Africa (Wickens 1979a, 1982a). The fruits of coco de mer (Lodoicea maldivica), 
the endemic palm of the Seychelles, have also been found on Western Australian 
shores, supporting the hypothesis of a direct route from the west. Such evidence is 
inconclusive since these fruits are often collected by tourists and the ones found in 
Western Australia may not have come directly from the Seychelles. An ostrich 
(Struthio camelus) egg, origin unknown, was retrieved from a dredge in the Timor 
Sea. The egg, heavily weighed down with algae, was not floating but suspended in 
mid-water (Long, 1993; Long et al. 1998). Brown (1985) suggested that Adansonia 
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fruit, seed or even whole trees might have drifted like that to the Kimberly coast, 
although it is doubtful whether baobab trunks or unprotected seeds could have survived 
such a long sea journey. 

The alternative route from Africa and Madagascar is via the Mozambique and 
Aiguihas Currents, connecting with the eastward-flowing Antarctic Circumpolar 
Current. The mean drift speed of the Aiguihas Current is around 7-8cm s™', so 
proto-boab would have taken about 200 days to drift southwards down the east 
coast of Africa, to reach the Antarctic Circumpolar Current which has a mean surface 
speed 20-25 cm 57! (Rapley 2002, personal communication). The tree, pod or seed 
would have taken another 120 days to reach south-west Australia, giving an estimated 
total flotation time of at least 320 days. 

Whether the proto-boab then drifted northward to the Kimberly region or 
migrated overland is uncertain. An arid belt had created a migration barrier preventing 
any spread of plants to either east or north-west Australia (Herbert 1950), making 
an overland migration of the proto-boab very unlikely. However, it must also be 
remembered that, during the Mesozoic, Australia was closer to Madagascar and the 
south-western corner was in a more northerly position relative to the rest of 
Australia. The Austalian plate has since rotated in an anti-clockwise direction relative 
to the Mesozoic longitudinal positions (Beadle 1981). Evidence from present-day 
currents is inconclusive as to the route taken by proto-boab to reach north-west 
Australia, although the northern and more direct route is more probable. 

It is not uncommon to find African plant material washed up on the south-west 
coast of western Australia (Kenneally 1972). During the summer months, the West 
Australian Current flows north to the Timor Sea and Gulf of Capentaria at an aver- 
age surface speed of less than 1 km hr^' (Hydrographer to the Navy 1973). The 
current reverses direction during the winter months, flowing south to the North 
West Cape, after which it becomes somewhat erratic. Whether the eastward 
Southern Equatorial Current joins the West Australian Current past the Kimberley 
coast is not certain. 

More interesting than the finds so far mentioned is the discovery of a 2,000-year-old 
fossilised egg of the extinct Madagascan elephant bird or flying dragon (Aepyornis 
maximus) in Holocene dunes overlying lagoonal deposits, near Cervantes, 150km 
to the north of Perth. Did the Southern Equatorial Current carry it cross the Indian 
Ocean and transport it south, or did the West Australian Current carry it north? 

In the south-west, another elephant bird egg of unknown age was found near 
Augusta, at the mouth of Scott River, as were two eggs of the king penguin 
(Aptenodytes patagonicus), whose nearest known habitat is the Kerguelen Islands, 
some 2,000 km away in the southern Indian Ocean (Long 1993; Long et al. 1998; 
Lowe 1998). The close proximity of the three eggs suggests they were transported 
by the Antarctic Circumpolar Current. 

It should be borne in mind that proto-boab arrived in an enviroment where it had 
to adapt and compete with an existing flora. The substantial taxonomic differences 
between A. gregorii and other members of section Longitubae suggest that A. gregorii 
evolved over a lengthy period and is not a recent arrival in Australia. In the absence 
of any pollen record, the possibility of extant boab populations, with a much wider 
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distribution that has since contracted, through fires or human activities, cannot be 
ruled out. Pre-industrial humans arrived in Australia approximately 56,000 + 4,000 
years ago and, while their impact on the vegetation is controversial, we do know 
that in most regions they used fire to manage it. Certainly within 16,000 years 
following the arrival of man, all Australian land mammals, reptiles and birds 
weighing more than 100kg had become extinct, but whether man was indirectly 
responsible for these extinctions through changes he made to the environmental is 
debatable (Hope 1994; Roberts et al. 2001). The role of extinct megafauna in boab 
seed dispersal is unknown. 

There are no Tertiary fossil records for north-west Australia; indeed, there are 
no pollen records of Adansonia for anywhere in Australia. Bowman and Connors 
(1996) have put forward the hypothesis that the eastward distribution of the boab 
on the Sturt Plateau was stopped by large tracts of land occupied by Acacia shirleyi, 
a relict species from the dry, cold climates of the last ice age c.17,000—15,000 BP. 
Nevertheless, in view of the wide ecological amplitude exhibited by A. gregorii, 
Bowman (1997) is puzzled by its limited distribution in north-west Australia. 


Chapter 15 
Unfinished Business 


A great deal is now known about the baobabs but as this compilation has shown, 
there are still very large gaps in our knowledge. Some questions are raised here but 
those readers with a more intimate knowledge of the disciplines discussed in the 
text may ask others. 

The early Egyptian and Turkish medical books should be examined for early 
references to the baobab fruit. What names were used for the fruit? 

Süleymân the Magnificent presented baobab fruits and terra lemnia as gifts to 
departing dignitaries. Did the Turks know of the baobab’s medicinal qualities, or 
did the fruit have a scarcity value? Both gifts were readily available to Süleymân 
since both Egypt and Limnos were within the Ottoman Empire. 

Busbecq (2001) wrote: ‘From Suleiman I received nothing beyond the customary 
gifts which are presented to departing ambassadors.’ He certainly received a baobab 
fruit, which he presented to Clusius, but there is no record of him receiving terra 
lemnia. Surprisingly, he mentioned terra lemnia in his letters but not the baobab. 

From whom did Dapper obtain his drawing of the hollow baobab being used for 
burial? Beekman (1997) suggests a number of possible West African sources. The 
baobab was not named in Dapper (1686) but it was misidentified as Sodom’s apple in 
Dapper (1676). Again, who was the original artist and where was the drawing made? 

Where did the Royal Society obtain the baobab fruits mentioned by Grew 
(1681)? Did John Ray (1627-1705), a member of the Royal Society, receive any 
baobab fruits, and if so, did he present any of them to the museum? 

From whom did William Sherard obtain his baobab seeds and where were they 
planted? Did he give seed to Richard Bradley at Cambridge in 1724, and if so, 
where was it growing before the original Cambridge Botanic Garden was opened 
in 1762? The Royal Society holds the Sherard Papers (refs. MS252-6. MS88. 
MS108) as part of its library and archive collections (Anderson 2002, personal 
communication); I have seen Sherard's voluminous letters but, as they are not in 
chronological order, they would take many weeks to sort through and read. 

Where did Philip Miller obtain his information about baobabs growing in the 
UK? Somewhat surprisingly, the Chelsea Physic Garden does not employ an archivist 
who could answer this question (Holland 2002, personal communication). 

What are the differences in nutritional content of young and mature leaves and 
of immature, green fruit and ripe fruit that have fallen from the same tree? How 
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does storage affect the nutritional values of leaves and fruit? These are fundamental 
questions for understanding some of the differences between the various cited 
nutritional analyses and require investigating. 

Are there regional differences in the nutritional value of the leaves, fruits and 
seeds? If so, are the differences environmental or genetic? Studies are urgently 
required into the relationship between the minerals, texture and pH of the soil and 
the nutritional content of the leaves, fruit and seeds. What effect, if any, does 
drought have on the nutritional values of the leaves and fruit? 

What causes pink pulp? Is it due to oxidation on exposure to light, age, fungal 
infection or ferruginous soils and is there any difference in nutritional value and 
chemical composition between pink and white pulp? 

Guidelines are required as to the stage at which the leaves and fruit are harvested 
for analysis and the conditions under which they should be stored. The practice of 
bulking samples from different trees for analysis obscures the wide variation 
between individual baobabs and thus precludes the selection of elite trees whose 
attributes could be multiplied by grafting, etc. 

The recent development in Mali of seedling baobab gardens for leaf production 
opens up exciting possibilities for further research. No nutritional analysis of the 
seedling leaves, or comparisons with those of the parent tree, have yet been made. 
The variation between different trees can now more accurately be examined in seed- 
lings raised in an internationally accepted growing medium through the sampling of 
nominated leaves. The technique also offers possibilities for selecting elite seedlings 
for their vitamin and mineral content and their micropropagation, leading to the 
commercial production of high quality nutritional and pharmaceutical products. 

The same technique can also be used to investigate differences between seeds 
from a single pod, and to compare the uptake of minerals of seedlings grown in a 
standard medium with the uptake of those grown in various soil types, etc. 

More detailed information is required on the organs used in traditional medicine, 
including the quantities used, their preparation and application. Clinical evidence 
of the condition treated and the efficacy of the treatment are sadly lacking for 
the majority of cases. 

Although there are strong hints that the bark and pulp were being used medicinally 
in Europe during the late 16th and 17th centuries, no firm evidence of such use has 
been found. The bark of the baobab was imported into Europe under the mistaken 
name of cortex cael cedra during the 19th century as a substitute for quinine. 
Again, there is no evidence of its use. 

The growth rates of baobabs have aroused much interest and speculation, yet 
remain unresolved. The only long-term investigation has been on A. digitata at 
Skelmswater near Messina, where dbh and rainfall records date from 1931, yet the 
South African government no longer has any interest in maintaining this important 
research site. Fortunately, Drs. Diana Mayne and Sarah Venter are continuing to 
monitor the site for the immediate future. The rainfall data should be represented 
as seasonal rather than annual, so that its effect on growth can be assessed more 
accurately. Soils and site topography are currently being compared for the effects 
of water infiltration, run-on and run-off on water availability to individual trees. 
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Growth increments should be investigated in relation not only to seasonal 
rainfall but also to the substrate and its effect on the ratio of trunk height to total 
height, i.e. the physiognomy of the tree, and particularly the development of a 
bottle trunk. Such studies could be coordinated with the recommended studies into 
the relationship between substrate and nutrition (see above). 

The causes of the transverse wrinkling of the bark observed on bottle trunks require 
investigation. The wrinkles may represent growth surges and it would be interesting 
to see whether they are correlated with similar surges of the growth rings. 

Baobabs of known age groups, especially in forest nurseries, show a wide 
variation in development. Although seed sources are unknown, it is suspected that 
the seeds were always from one pod. Trials should be undertaken to determine the 
variation in the seeds from individual pods and in trees. Variation in the girth of 
saplings from the same age group suggests variable growth rings and throws doubt 
on the validity of dbh measurements for determining age. 

Root development from the initial seedling taproot to maturity requires study 
over a wide range of habitats. How transient is the taproot and how deep does it go? 
How deep and extensive are the lateral roots? What is the root pattern in a clump 
of baobabs? What is the effect of soil texture and water availability on root growth? 
The effects of the arbuscular mycorrhizae Glomus spp. should be investigated 
beyond the 3-month stage. 

Baobab phenology requires further investigation. What happens where the 
climate is bimodal? Is there a continuous production of leaves in the more humid 
areas, as some have suggested? How widespread is the production of juvenile 
leaves at the first leaf flush? 

Further studies are required on the effect of salinity on the growth, photosynthe- 
sis, leaf chlorophyll concentration and ion distribution in all species and, in the case 
of A. digitata, for a range of inland and coastal habitats. Baobabs from Kordofan 
Province, Sudan Republic, are intolerant of salt yet they grow, for example, on the 
Kenya coast. Hobson (1995) even suggested that seeds could be immersed in boil- 
ing seawater and allowed to cool before planting. Salt tolerance within Section 
Longitubae could be a factor in the probable sea dispersal of proto-A. gregorii. 

Information about the mode of seed dispersal is still largely anecdotal. 
Relatively few animal species have been identified that eat the fruit. There is 
good information about the choice of fruit and eating behaviour of chimpanzees, 
but little appears to be known about monkeys eating baobab fruit. Which species 
feed on baobabs, do they eat green or ripe fruits and how do they break them 
open? Further detailed field studies are required on seed dispersal of all baobab 
species by animals and birds. Faecal examinations are a particularly promising 
source of information. 

The excellent pioneer research into baobab pollination biology by David Baum 
(1995а) has produced some very interesting results within the time span of a PhD 
project. Baum recommended further pollination ecology studies for A. grandidieri, 
A. suarezensis and A. madagascariensis. He also suggested that all species would 
benefit from additional studies into their floral biology, especially nectar production, 
nectar contents and breeding systems. 
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Pettersson et al. (2004) have examined the floral scent of A. digitata. The 
remaining species should also be screened for sulphur compounds, and the effects 
of these compounds on pollinators studied. 

The pollination of Malagasy species must be further studied, especially the 
distribution of known and related pollen vectors. Outside their distribution, alterna- 
tive vectors should be sought. For example, Hladik et al. (1980) reported Coquerel’s 
dwarf lemur (Mirza coquereli, syn. Microcebus coquereli) feeding on unidentified 
baobab flowers in the Marosalaza forest, where A. grandidieri, A. rubrostipa and 
A. za are found. A. madagascariensis too occurs within the lemur’s distribution 
range. However, it is not known whether this lemur feeds destructively or 
non-destructively. 

The pollination of A. digitata in the West Indies, Brazil, India, Hawaii and 
Australia also requires investigation. In the New World members of the leaf-nosed 
bats (Phyllostomatidae) are possible vectors. In India and Australia fruit bats 
(Pteropodidae) could be responsible; however, fruit bats are absent in Hawaii yet 
the introduced A. digitata is fertile. 

Some baobabs occur as isolated individuals. Introduced and isolated A. digitata in 
India, West Indies and Western Australia bear fruit yet Rao (1954) has suggested that they 
may contain few or no seeds. Both this and the pollen vectors require further study. 

The maturation of A. gregorii fruit and the development of cracks in the pericarp 
while the fruit is still attached to the tree require investigation. 

Detailed comparative anatomical studies are required for all eight species of 
Adansonia. 

Studies similar to Savolainen et al. (2006) on sympatric speciation among the 
endemic Howea palms of Lord Howe Island should be carried out on the Malagasy 
baobabs. 

I strongly recommend that the Messina sample plots be made an international 
site of special scientific interest for continued research on baobab growth and 
development. It is the only site where the baobabs have been permanently marked 
with a painted line for measuring girth, with records going back to 1931. The 
Department of Water Affairs and Forestry is no longer interested in the site, and 
some years ago it was transferred to a new owner who cannot be traced (Venter 
2003, personal communication). 

Permanent sites for long-term baobab research are required in Africa, Madagascar 
and Australia. Ideally there should be several sites for each species covering a wide 
range of habitats and climatic conditions. Suggested studies include growing to 
maturity (at least 25 years) all the seeds of a single pod from a known baobab and 
recording annually all the growth and climatic variables. 

To examine the mechanics of stem fusion, a trial should include seeds planted 
close together; other seedlings should have their growing points damaged by light 
grazing to see how this affects eventual trunk development. 

A similar study to that made by Patrut et al. (2006a, b) on Grootboom (see 
chapter 8) is being carried out on Dorslandboom, another giant Namibian baobab. 
Four out of Dorslandboom’s seven stems have fallen to the ground; two of them are 
still alive. The possibility of a PCR (polymerase chain reaction) analysis of leaves 
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and bark from all the living stems should materially augment the Grossboom results 
(Patrut 2007, personal communication). 

Alternatively, morphological and phonological studies of the living fused stems 
of multi-stemmed baobabs may determine whether the trunks were formed from 
fused clones or arose from several seeds. 

The pioneer studies on the water relations of A. rubrostipa and A. grandidieri by 
Saharah Chapotin require repeating on the remaining species. Young and mature 
trees of all species should be studied in wet and dry environments. 

Leaf photosynthesis and the photosynthetic layer beneath the bark, its develop- 
ment, extent and function, require detailed investigation. 

The baobabs have numerous fauna and flora associates. How important and how 
exclusive a role the baobabs play in the micro-ecologies they attract or create has 
yet to be determined. 

The microfauna and microflora that play a part in the rapid decay of a dead 
baobab have yet to be studied. 

Elephants are held responsible for the absence of the younger age classes of 
A. digitata in parts of East and southern Africa, yet this area is a relatively small 
proportion of the baobab’s distribution. Desertification, climate change, fire and 
agricultural development have also been blamed for lack of regeneration. All these 
factors require a more critical assessment, and not only for A. digitata. 

Are there germination differences in seeds from ripe pods between those 
harvested from the tree and those found on the ground? Does the age of the seed, 
and method and length of storage affect germination? Do the seeds within a pod 
germinate at similar or different rates? Are there differences between individual 
trees within a region and between trees from different regions? Detailed studies 
should be carried out to identify any germination inhibition factors. 

On the existing evidence Baum (1995b) was correct in consigning A. sphaerocarpa 
etc. to synonymy with A. digitata. There was insufficient herbarium material to 
support any taxonomic distinction based on number of leaflets per mature leaf, 
length of fruit stalk and fruit shape. Nevertheless, with more extensive collections 
throughout the species’ widespread distribution, evidence may be found of exclusive 
subgroups. 

Interestingly, Sidibé et al. (1998) found a chemotaxonomic correlation between 
leaf size and number of leaflets and their carotinoid content. This certainly requires 
further investigation. 

The disjunct distribution of A. digitata in northern Africa is puzzling. Did the 
species once extend across the Sahel and the West African population become 
isolated by Mega-Chad or did it arrive there from Angola, carried by the Benguela 
Current? Was the current also responsible for the baobabs now growing along the 
Congo coast or were these introduced? Maybe genetic (DNA) fingerprinting will 
solve the problem. How tolerant are seedling baobabs to salinity? Could the seeds 
germinate and grow where they were washed up on the shore or were the fruits 
or seeds tossed inland by a violent storm? 

Sea transport is believed to have been responsible for the presence of A. gregorii 
in Australia. How long can a baobab float in the sea and the seeds retain their 
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viability? Trials by Pat Lowe were curtailed when the boat moorings, to which 
some pods of A. gregorii were attached, were sold. 

The environmental and climatic effects of the enormous volcanic eruptions in 
Lake Toba, Sumatra, 840,000, 700,000 and 75,000 BP, are not known. The final 
eruption, the world’s largest Quaternary eruption, expelled 2,800 km? of magma, 
and the ash covered an area of at least 20,000 km? (Rose and Chesner 1987; Simkin 
and Siebert 1994). Compare this with the effects of the 21 km? expelled from 
Krakatau in 1883, where the volcanic dust acted as a solar radiation filter and low- 
ered global temperatures by as much as 1.2?C in the following year. Temperatures 
did not return to normal until 1888 (Simkin and Fiske 1983). How did the Toba 
eruption affect the global environment and climates, and what effect did this have 
on the distribution of baobabs, their pollinators and seed dispersers? 


Appendix 1 
Vernacular Names 


The vernacular names listed below have been collected from the literature. Few 
have phonetic spellings. Spelling is not helped by the difficulties of transcribing 
unwritten languages into European syllables and Roman script. Some languages 
have several names for the same species. Further complications arise from the 
various dialects and corruptions within a language, and use of names borrowed 
from other languages. Where the people are bilingual the person recording the 
name may fail to check which language it comes from. For example, in northern 
Sahel where Arabic is the lingua franca, the recorded names, supposedly Arabic, 
include a number from local languages. Sometimes the same name may be used for 
several species. For example, kiri is the Susu name for both Adansonia digitata and 
Drypetes afzelii. There is nothing unusual about such complications. For example, 
Grigson (1955) cites 52 English synonyms for the common dandelion (Taraxacum 
officinale) in the British Isles, and also mentions several examples of the same 
vernacular name applying to different species. Even Theophrastus in c. 300 BC 
complained that there were three plants called strykhnos, which were edible, 
soporific or hallucinogenic (Hort 1916). 

Languages and history are linked and it is hoped that understanding how lan- 
guages spread will lead to the discovery of the historical origins of some of the 
vernacular names for the baobab. 

The classification followed here is that of Gordon (2005) updated and edited by 
Blench (2005, personal communication). Alternative family names are shown in square 
brackets, dialects in parenthesis. Superscript Arabic numbers refer to references to the 
vernacular names; Roman numbers refer to further information in Section 4. 
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1 Vernacular names of Adansonia digitata 


1.1 European names 


Danish: abelbrgdtre (monkey tree); abelbrgd (fruit, i.e. monkey bread) 

Dutch: apebroodboom, apenbroodboom (monkey tree); apebrood, apenbrood 
(fruit, i.e. monkey bread) 

English: ape breadfruit, baobab, baobab tree, cream of tartar tree??, dead-rat-tree 
(name refers to the hanging pods, which look like rats), Ethiopian sour gourd”, 
Guinea tamarind, lemonade tree, mock cotton tree, monkey bread tree?, monkey 
tamarind tree”, upside-down tree”; monkey bread, Senegal calabash” (fruit) 

English (India): baobab’, baobab tree), cream of tartar tree, Indian cork-tree? 
monkey bread tree?, monkey bread tree of Africa; sour gourd? (fruit) 

English (Sri Lanka): monkey bread tree’; Judas’ bag (fruit so called by Roman 
Catholics because it contains 30 seeds, i.e. pieces of silver) 

English! (West Indies) 

Bahamas: Jamaican tamarind?*; monkey tamarind? 

Dominica: monkey tamarind** 5° 

Jamaica: baobab”; Ethiopian sour gourd*’; monkey bread*’; monkey tamarind?? 5¢ 
St. Croix: cushion tamarind, Guinea almond??, Guinea tamarind? 

St. Eustatius: Guinea almond*’; Guinea tamarind 

French: arbre aux calebasses^? 7! (calabash tree), arbre de mille ans’! (tree of a 
thousand years), baobab"!, calebassier du Sénégal? ^ '!; calebasse du Sénégal 
(fruit), pain de ѕіпое! ^^ 47! (monkey bread) 

Finish: apinaleipápuu, baobabpuu 

German: affenbrodbaum, affenbrotbaum (monkey bread tree) 

Italian: baobab; noce delle scimmie (fruit, i.e. monkey's walnut) 

Portuguese: baobá, cabacevre’', calebassier (calabash); cabaginhas redondas (fruit) 

Russian: óaoóaó 

Spanish: baobal 

Afrikaans! (South Africa): kremetert’!, kremetartboom”! (cream of tartar tree) 


40 


1.2 African Names 


The number of African languages is estimated to be just over 2000, consisting of 
four large phyla: Niger-Congo (which includes the large Bantu family), Afro- 
Asiatic, Nilo-Saharan and Khoisan. A phylum is defined as a language grouping 
larger, less well defined, and less widely accepted than a 'family', and typically 
contains several families (Heine and Nurse 2000). 

Creole? [Krio] (Sierra Leone): monkey brade® 

Creole’, Portuguese” (Mozambique, Angola): imbodeiro'?, imbondeiro'? 

Creole, Portuguese-based Sáotomense (Sáo Tomé): miondo 

Creole (West Indies): mapu zombi?? "! 
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Family and Language Country 


Atlantic-Congo, Volta-Congo, Dogon 


Dogon" Mali 


Dogon Toro Niger 
Atlantic-Congo, Kordofanian, Heiban Subgroup 
Heiban 
Nuba Mtns 
Nuba Mtns 
Jebel Tira Mani 
Kalkadda 
Khor Gana — 
Jebel Heiban 
Laro 
Atlantic-Congo, Kordofanian, Talodi Subgroup 

Talodi 

Tisoni 

Jebel el Liri 
Atlantic-Congo, Kordofanian, Tegali subgroup 

Tegal 

Elliri 
Atlantic-Congo, Mande“, Eastern Group, Eastern 
Bisa [Bissa] Birkina Faso 


Nuba Abri (= Koalib) 
Nuba Dire (= Koalib) 


Busa Benin 
Nigeria 
Shanga Nigeria 


Atlantic-Congo, Mande, Eastern Group, Southeastern 
Guro [Kweni] Ivory Coast 


Vernacular name 


oro?* ?!: orobanou?? (red-barked), 


orodienw?? (black-barked), 

oropiP5 (grey-barked); géye*’, 

tige” (fruit); pepéru? (flower) 
oro”, ‘orat 


dhogwo, khor"* 
kwugwor” 
kwugwor” 
dhor’, 05r? 
dhor 

dhogwo 


dhogwo” 
bosa! 1.76 

bosa 

kishawiyi!! 1" 8 75, tabarly? 
ora!! 

ora 


тог“, poo-q6*5, роуа”, poyah 
fon? 
kúka“ (ex Hausa) 


hwon?? 


bale 


Atlantic-Congo, Mande, Western Group, Central-Southwestern, Central 


Bamanankan [Bambara] Senegal 


Mali 


Burkina Faso 


Jola [Diola, Dioyla, Dyula] Senegal 


(n)sira*, sira?! 25.40.45 sito?! 25, 40, 
tedum^; m6lodo* (varietal name) 

sira?5 40.57. 59, 82, sito”; siradie”!, 
siradjé** (grey-barked),siramolni*® 
(dark-leaved), sirafing”', 
sirifing?? (black-barked), sirable”, 
sisrablé? (red-barked); siraboau?? 
(leaves); karin du (fruit pulp); 
molddo* (varietal name) 

sira'^ 4; mólódo (a varietal name) 


Ъ@%, sira® 
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Family and Language 


Jola (continued) 


Kono 
Malinke“ [Maninka] 


Malinke (Koranko) 
Mandinka [Manding, Socé] 


Country 
Ivory Coast 
The Gambia 
Mali 
Burkina Faso 
Sierra Leone 
Senegal 

The Gambia 


Guinea-Bissau 
Guinea 

Sierra Leone 
Ivory Coast 
Mali 

Sierra Leone 
Senegal 
Gambia 


Guinea-Bissau 
Guinea 

Sierra Leone 
Mali 


Vernacular name 
bu Ба, sira, sirra®® 
ebakai^? 
bu bać’ 
sira yiri? 
sela??. 84 
sira?*, sita, sito, sitoo 
ira, sita, sitra; sito (fruit); 
naa (leaves) 
citó^ 
Бокій 5, sira^? 
sira 
Бокі 68 
Бокій 47, 68 
sira?", sirg?? 
sita?* иа sito? 38, 71 
sira?*, sita“, sitra; 
sito” (fruit); naa (leaves) 
сиб? 
bóki^, sira*? 
sida*, sira*® 
sira??, sito? 


Atlantic-Congo, Mande, Western, Central-Southwestern, Southwestern 


Loko 
Mende 
Susu [Sousou] 


Susu-Dyalonke 


Sierra Leone 
Sierra Leone 
Sierra Leone 
Guinea 

Sierra Leone 


Atlantic-Congo, Mande, Western, Northwestern 


Soninke [Sarakole] 
Bobo Madaré [Bobo-Fing] 


Atlantic-Congo, Atlantic, Bijago 


Bidjogo [Bidyogo] 


Atlantic-Congo, Atlantic, Northern, Bak 


Balanta-Ganja 


Jola Fogny [Diola Fogny, Dirla Fogny] 


Jola Fogny 


Senegal 
Mali 


Senegal 


Senegal 
Senegal 


The Gambia 


Guinea Bissau 
Guinea 


sakwi', mbawi”’ 
bo-wului®, gbowulo*” ** 
Кіті 9 

kiri* 68, 84 


kidi-na*® 


kide^^ **, мае 


4784 


pil 
u-áto^ 84 


laté?> 40, 84 

ba?*, babaq?* **, buba?!, 
bubak?!, bubaq?, 
bubakaba?' ^9, 
bubakabu?, bubakakou”!, 
fubak?', ghouis*, sira?? 

babaq?, bubak?! ?, 
bubakabu? 40 
(the taller), ebakai*®, 
sira?, sita“, 
sitra; sito?! (fruit); naa 
(leaves) 

citó^? 

bóki^9, sira^? 
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Family and Language Country 

Jola Fogny (continued) Sierra Leone 
Ivory Coast 
Mali 

Mankanya Senegal 

Mandjak [Mandyak] Guinea-Bissau 

Papel [Pepel] Guinea-Bissau 


Atlantic-Congo, Atlantic, Northern, Cangin 
Noon [Non, None, Serer- Non] Senegal 


Vernacular name 

sida®, sira^? 

bu ba, sira 

bu ba®, sira??, sito?? 

bedóaP^ 40, 84 

bebaque", benaquw, 
bedom-hal*°, brungal'^, 
burungule-buránque^? 

burungule^? 


Баёо, boh?>- 40 
bak“, ibak“? 
ba”, bédoal*!, laté?! 


láté^? 

amag?!, amak?" ^, a-mak*® 34, 
mak‘, gamag?!, gamak?!, 
mamak?!; s-tylsy” (seed) 

nittr, niturr^? 

a-mak"’, a-maq^, ga-mak™, 
ga-màk^', gamaq”>3!; 
ga-kade™, nya-de 
(fruit shell) 


Noon (Nominka) Senegal 
Palor [Falor] Senegal 
Atlantic-Congo, Atlantic, Northern, Eastern Senegal-Guinea 
Basari Guinea-Bissau 
Senegal 
Togo 
Budik [Bedik, Tenda] Senegal 
Wamei [Konyagi] Senegal 


Atlantic-Congo, Atlantic, Northern, Senegambian 
Pulaar [Fula-Pulaar, Peuhl, Peul] Mauritania 


Senegal 


The Gambia 
Guinea Bissau 
Guinea 

Mali 


Pulaar (Tukulor) Senegal 


Burkina Faso 
Pulaar [Tukulor- Fulfulde] Senegal 
Fulfulde* [Fulani] Guinea Bissau 

Guinea 

Nigeria 


a-mbu?? 4:34 a-mbi?^; I-bá?^ 


(fruit pulp) 


bobbe™, boki®, gokki“, 
gokkigokki 

boid2> m boki% 40, Bt boré?^ i 
boy?“ 

bokchi?, Бокі 3! 

boe™, bóe^? 

bohe™, bóki^? 

babbe”!, babbeé, bóki, Бокі 46 7!, 
bokki, mboki*!, olohi* 7! 

bobbe?" 5, bogi?!, boió?!, boki?! 9, 
bóki, bokki pl. bowde”’, 
boré?!, boyi?', mbuki?! 

bobbe?, Бокі 6, gokki, olohi* 

boki, bóki, bokki, gui, guye 

boe® 

bohe® 

boki ”!, 6okki*® 7! pl. 6ode'^, 
Boge“; bogeeje*’, bokko*? 
(leaves); боһеге* pl. Боһе, Boyet 
(fruit); njuulaandi^, njuuloondi 
(fruit pulp); gandiyaare” pl. 
gandiyaaje, gorome*(seeds) 
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Fulfulde (continued) Burkina Faso bokki*, 6owde pl. 
Bowde, Bod be?, horohi” 
Niger bokki*? 8 
Serer-Sine [Niominka] Senegal ba?!, ba(k)*, bak?! 2» 40.71.84. 
boh?!, ibak?! 25, mbak?* ^ 
Wolof* Mauritania gui? 
Senegal ghouis?* ©, goui"!, році", 


Burkino Faso 
The Gambia 


Atlantic-Congo, Atlantic, Southern, Limba 


gouis?!, вош“, gouye, 
gui?) 25, 38, 45, 68, 68, В. guy, 
guye®; boui"!, 
bui? 25 47! (fruit); ndaba?! 
(fruit pulp); gif?'?* ^? (seeds), 
tega” (bark); lalo’! 7 
(dried powdered leaves) 
guye^ 
goui“, gui, gwi; buee?, 
bui” (fruit) 


кипа 


a-kiri*®, an-der-a-bai”, 
an-derybai^ (the chief’s body), 
an-derebai'?, an-derbai, anderybai 
kó^9, kó-basera^? 


go, pl. gwe^ 9 
gblé-tu™ 


tebu*^, tora** 

fior-ga*, fior-ori™ 

todde™, todi“, taaga/teese™, 
tuura*^, 

tüá pl. tühí9?, tá-á/-hé*^ 28. 40.54. 
tuwa"; tuwula pl. tuwuli”, йуй 
pl. türi$ (pod); tuzin? (pulp); 
tükpilli pl. tükpilà? (seeds); 
tukare”, tükárikámá9*; tükáyü 
(lalo); tukare?? (leaves) 


Limba Sierra Leone 
Atlantic-Congo, Atlantic, Southern, Mel 
Themne [Temne] Sierra Leone 
Baga Koga [Koba] Mali 
Atlantic-Congo, Volta-Congo, Kru, Western 
Wè [Guéré] Ivory Coast 
Wobe Ivory Coast 
Atlantic-Congo, Volta-Congo, North, Gur, Central, Northern, Oti-Volt 
Bieri Togo 
Tayari Burkina Faso 
Nawdm [Nawdam, Losso] Togo 
Dagbani [Dagbane] Ghana 
Moore [Moshi, Mossi] Ivory Coast 
Ghana 


Burkina Faso 


Mali 
Moore-Nawdam Togo 
Dagara [Dagaare] Burkina Faso 


toéga®* 
tegat. 9^ teese®!:*4, toyega! 40 
taya, toayga^^ 45, ab. toega“ 79, se. 


їоёра“°, toeya, toga, toyégo”, 
trega”!, twega*> 6:7! 
toega, twéga®* 
kalim“, telo: kekim*° 
(whole fruit) 
todde, tooru?^, tuo, 
tuura, twoo** 
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Vernacular name 


tuo!” 40 
‘iyat 
láün** 
nitule^? 
turubu?* 40 
mouté”, mouto®’, moutomu®’, 
turubu^? 
telin, ёе 
tua^^, tuwa?* 40 
todi* 
taelu^: tschodum*’ 
(leaves and seeds) 
taelu*, telu*; tschodum^? 
(leaves and seeds) 
chon mu?5, chonbu?5, sona?! 
chonbu*’, chon mu?5, 
conmu, sona’? sónbu? 
tobra, tolro*? 
bu tobu“, bu tuobu?, шоби? 
kankanssion™, tokala™, tuéleg^ 
їогер!7. 40 


zige™ 

ngigne’!, ngigné?, nigigué^, 
nigugué®, nguigué'^^, тете“ 

ngigne”!, ngigné**, ngigué® 

ngigne’', ngigné*, ngigue^? 

zhéngé* 


salgt[o!^ ША salétjo™, salo!7 40, 84 


38, 67, M zizon?* 84 


kpassa 
zizon® 


zizon® 


alágba", a-dido”, (a)dido!’, dodo!” ^^, 


do dodo^? 
adido“, àdidó**, dudo, duudo 
dido? 
dido^? 


ekuba!^ 40 
ala", hilai!’, kelai 
eaadzo"’, sàalo?^, saalo*, shàaje'? 


fromodo?* 40, 68, 71, 84 


Family and Language Country 
Dagara (continued) Ghana 
Bwamu [Bwa] Burkina Faso 
Buli Ghana 
Konkomba Ghana 
Ditammari [Somba] Togo 
Benin 
Sisaala Ghana 
Frafra [Nabt, Nankanni] Ghana 
Naudem [Losso] Togo 
Kabiyé [Kabre] Togo 
Tem [Tshaudjo] Togo 
Bariba [Bargu Batonnun] Nigeria 
Benin 
Pila [Pila Pila, Yom, Yowa] Benin 
Gurma [Gourmantche] Burkina Faso 
Moba Togo 
Bimoba Ghana 
Atlantic-Congo, Volta-Congo, North, Gur, Senufo 
Minyanka Mali 
Senoufo Ivory Coast 
Mali 
Burkina Faso 
Supyire Mali 
Atlantic-Congo, Volta-Congo, North, Adamawa-Ubangi, Ubangi 
Ngbanda Dem. Congo Rep.gbado*? 
Atlantic-Congo, Volta-Congo, Kwa, Left Bank 
Adangme-Krobo [Dagme] Ghana 
Fon-Gbe* [Gbe-Fon] Benin 
Ivory Coast 
Mali 
Ewe“ [Krepi, Vhe] Ghana 
Togo 
Gen-Gbe [Mina] Togo 
Gen-Gbe [Gen] Benin 
Atlantic-Congo, Volta-Congo, Kwa, Nyo 
Nzema Ghana 
Basa [Kraché] Ghana 
Ga [Ga] Ghana 
Baule Ivory C oast 


Ghana 


fromdo*’, fromodo!” %* 
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Family and Language 


Baule (continued) 
Wasa 
Akan-Asante*" 
Akan-Akuapem 
Akan [Twi] 

Guan [Guang] 


Gonja 
Krache [Krachi] 


Abron [Brong] 


Country 
Nigeria 
Mali 
Ghana 
Ghana 


Ghana 
Ghana 


Ghana 
Ghana 
Ghana 
Togo 

Ghana 


Vernacular name 


fromdo?* 8 

frondo** 54 

odad(e)g?, odade 

odades*’, odades”, 
£foobrodedua", 
efoobrodedwo" 

odade*” 

odade, otatowaa, odade*, 
odad(e)e!” *°, otatowaa!? 40. 84 

tooto, toto!” 40. 84 

kèlárà®, toto** 40 

kelle*’, kelai*® 

kelle^? 

аја!” 5; hilai", kelai!? 4984, 
kelau*, nilai“? 


Atlantic-Congo, Volta Congo, Benue-Congo, Defoid, Yoruboid 


Igala 
Yoruba*" 


Nago 


Nigeria 
Nigeria 
Benin 

Nigeria 


Atlantic-Congo, Volta Congo, Benue-Congo, Edoid 


Edo 


Nigeria 


Atlantic-Congo, Volta Congo, Benue-Congo, Nupoid 


Gbari [Gwari] 
Nupe-Nupe-Tako [Nupe] 


Nigeria 
Nigeria 


Atlantic-Congo, Volta Congo, Benue-Congo, Kainji 


Lopa Nigeria 

CLela [Lyle, L'éla] Burkina Faso 

Ror Nigeria 

sSaare Nigeria 

Rogo Nigeria 
Atlantic-Congo, Volta Congo, Benue-Congo, Plateau 
Kuki Nigeria 

Tasu [Tesu] Nigeria 

Hasha Nigeria 

Berom Nigeria 

ШИП Nigeria 
Atlantic-Congo, Volta-Congo, Benue-Congo, Bantoid 
Bafok Cameroon 

Longto [Longa] Cameroon 


obobo^? 

igi óshé*, ose, ose? 
igi-ose, igi 05һё*°, osché^" 
otché** 


usi”® 


kwahi^? 
muci^? **; &mu*® (fruit); küka** 
(leaves) 


kufwo** 

k-kubu**, kukulu*? 
u-kuk** 

u-kup** 

u-ub** 

upo“ 

kükürü** 
ikum** 
kugul leng** 
шісі? 


njobwih” 
njobwih” 


Atlantic-Congo, Volta-Congo, Benue-Congo, Southern Bantoid 


Mbonga 


Cameroon 


ngubwele*? 


Atlantic-Congo, Volta-Congo, Benue-Congo, Narrow Bantu, Northwest" 


Akoose [(Ba)Kossi] 


Cameroon 


njobwele*’, nujubwele 
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Family and Language Country Vernacular name 
Bakundu-Balue [Kundu] Cameroon ngubwele*? 
Balundu-Bima [Lundi, Tanga] Cameroon njubwele^ 
Boloki [Luki] Democratic nkondo?? 


Repub. Congo 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, E, Kikuyu-Kamba™ 
Катбах“ Кепуа kiamba™, mauye?, muama, 
muamba?* ?, muyu?, mwaama, 
mwaamba™, mwamba’? 84 8, 
mwambo"'; mauyu* (fruit) 


Embu [Mbeere] Kenya muramba*” © *4 
Meru Kenya muramba®: 6. 755, murambu 
Tharaka Kenya muguna-kirindi?, muramba*? 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, E, Nyika 
Chonyi [Kambe] Kenya тиуи®; mauyu® (fruit) 
Digo Kenya mbuyu®® 65 
Giryana Kenya mbuyu™, muuyu? 
Malakote Kenya mubuyu™ 
Taita Kenya miamba, mlamba**, mbale‘? ® 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, F, Nyilamba-Langi 
Mbugwe Tanzania muwiye?, mwiwi?*5', mwuwiye? 
Rangi Tanzania mwiwj? 5 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, F, Sukuma-Nyamwezi 
Sukuma [Kisukuma] Tanzania moandu®, mwanda”, 
mwandu?, ng'wandu 
Nyamwezi Tanzania mpele? 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, G, Bena-Kinga 
Hehe Tanzania mkondo?- 55 
Sangu Tanzania mkondo? 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, G, Gogo 
Gogo Tanzania mpela? 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, G, Shambala 
Shambala [Shambaa] Tanzania buyu”, muuyu? 
Asu [Kipare, Pare] Tanzania mramba? 5 82 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, G, Shambala 
Bondei Tanzania muuyu? 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, G, Swahili 
Swahili Somalia mbuyu’! *, muuyu 
Kenya mbuyu*®. 54 62.71.84.82, muuyu® 
Tanzania majani ya nbuyu?, majoni ya 


mbuyu?, msajoni ya mbuyu, 
matunta ya mbuyu’, 


mbuyu? 61, 71, 84 
Mozambique mbuyu’! 8 
Swahili [Bjuni (Bajun)] Kenya muru 


Atlantic-Congo, Volta-Congo, Benue-Congo, Central, G, Zigula-Zaramao 
Zigula Tanzania muuyu? 
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Ruguru [Lugu, Luguru] Tanzania mpela*, mpele?? 

Atlantic-Congo, Volta-Congo, Benue-Congo, Central, H, Yaka 

Suku Tanzania mwanda?* 55, mwandu?* 5, ng’ wandu”, 
ngwandu? 

Atlantic-Congo, Volta-Congo, Benue-Congo, Central, K, Kwangwa 

Mbukushu Botswana divuyu’’, divuyu?, dovuyu? 

Namibia divuyu*’, dovuyu? 

Atlantic-Congo, Volta-Congo, Benue-Congo, Central, L, Kaonde 

Kaonde Zambia mubuyu? 

Atlantic-Congo, Volta-Congo, Benue-Congo, Central, M, Bemba 

Bemba‘ Zambia mu-uyu'*, mubuyu!*:” 

Atlantic-Congo, Volta-Congo, Benue-Congo, Central, M, Lenje-Tonga 

Lenje Zambia muUyu!®, muyu? 

Tsonga [Tonga] Zambia mubuyu!* 484, ximuwu** 

Zimbabwe тоВиуи”, тиВиуи”, mubuyu? ”, 

muUyu^? 

Tsonga [Shangana] South Africa shimuwu, ximuwu?* ** 78 

Atlantic-Congo, Volta-Congo, Benue-Congo, Central, M, Nyakyusa 

Nyakkyusa-Ngonde [Nkonde] ^ Malawi mbuye*? 7! 

Atlantic-Congo, Volta-Congo, Benue-Congo, Central, N, Nyanja 

Nyanja [Chewa, Chichewa] Malawi malambe*', mbuyu, 


mkulukumbo, mlambe*? ?!, 
mnambe’!, mulambe 


Mozambique malambe**, mnambe, 
nambe; malabeira (fruit) 
Zambia mbuyu?, mkulukumba”, 
mulambe” 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, P, Makua 
Makhuwa [Makua] Mozambique melapa 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central P, Matumbi 
Ngindo [Kingindo] Tanzania nonjii 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, P, Yao 
Yao Malawi mlongje, mlonje*: 7! 8 
Mozambique n'bondo; miicu (fruit) 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, R, Herero 
Herero [Ovambo] Namibia omukura 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, R, Ndonga 
Kwanyama [Ambi, Ovamba] Namibia omu-kura?**, omukwa pl. 
omikwa*'; ekwa pl. 
omok wa"! (fruit) 
Pungu Namibia mukuyu 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, S, Nguni 
Ndebele** Zimbabwe umkhomo* 7! 72, 84 
Zulu* South Africa isimuhu”!, isiMuhu?* 78 82, 


isimuku?, isimuhu, 
isiMuku?* **, umshimuhu"!, 
umShimulu** % 
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Family and Language Country Vernacular name 
Pondo South Africa mukuyu?* 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, S, Shona 

Shona [Korekore, Zezuru] Zimbabwe muMungu?, muuku^, 


muuyu?, muUyuP, 
muVuku^, muWiyo^, 
muWiyu?, muWuyu!*; 


muwuyu” 
Shona-Karanga Zimbabwe mumbuyu, muUyu, 
muVuku^, muWuyu?; 
muwuyu” 
Kalanga [Western Shona] Zimbabwe mbuyu”; muuyu”, siBuyu, 
siNdebele, umkomo!* 
Kalanga [Makalaka] Botswana boana, boyana 
Manyika Zimbabwe muBuyu’, muUyu’, muVuku’, 
muWuyu? 
Ndau [Chisinga] Zimbabwe mubuyu!*, muvei", muwuyu!* 
Ndau (Batonga) Botswana boana, boyana 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, S, Sotho-Tswana 
Sotho Northern [North Sotho] Botswana motsoo* 
Tswana™ [Bechuana] Botswana moana, movana**, 
mowana* 7, 
muana?', muvana 
Lozi Zambia mubuyu? 
Zimbabwe muBuyu?; mubuyu? 
Lozi [Makolokol] Botswana moana 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, S, Tswa-Ronga 
Tshwa (Hlengwe) Zimbabwe muwu^ 72 8 
Atlantic-Congo, Volta-Congo, Benue-Congo, Central, Central, S, Venda 
Venda [Luvenda] Zimbabwe muvhuyu 
South Africa mukuyu’*, muvhuyu? 68. 84 78 


1.2.2 Nilo-Saharan Phylum“ 


Classification Country Vernacular name 
Eastern Sudanic, Eastern, Nara 

Nara Eritrea dari 

Eastern Sudanic, Eastern, Nubian*i 

Jebel ed Daier Sudan fak!' 7e 

Umm Brembeita Sudan kwora!' 76 
Delami Sudan kwora!! 76 
Dilling*" Sudan tuberli!! 

Hameg Sudan uffa"! 


Eastern Sudanic, Western, Daju, Eastern Daju 
Logorik Sudan Бава!" 7° 
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Classification Country 


Eastern Sudanic, Nilotic, Western, Luo, Northern 


Burun Sudan 
Eastern Sudanic, Western, Dinka-Nuer 
Dinka Sudan 
Nuer Sudan 
Eastern Sudanic, Western, Luo Northern 
Shilluk Sudan 


Eastern Sudanic, Nilotic, Eastern 


Maasai (Arusha) Tanzania 
Maasai Kenya 
Tanzania 
Samburu Kenya 
Tanzania 
Eastern Sudanic, Nilotic, Southern 
Datooga [Barabaig] Tanzania 
Kunama 
Kumama Eritrea 
Saharan, Western 
Kanuri Nigeria 
Songhai, Southern 
Dendi Niger 
Benin 
Djer Burkina Faso 
Songhay [Songhai, Sonrai] Mali 
Songhay-Zarma Niger 
Burkina Faso 
Niger 
Futr 
Fur Sudan (Darfur) 
Maban 
Maba Chad 
Unclassified 
Krongo Sudan 
Kababyabaram Sudan 
Kufa [Kanga] Sudan 
Kaatcha-Kadugli-Miri [Kadu] Sudan 


Vernacular name 


bul!! 


dungwol'' 49, 71, 84 
kusha!! 76 


11,11,76 
gag ° 


mesera? 
1 1 54, 55, 62, 71 

ol-imisera’ EA 
ol-mesera*, ol-unisera?!, 
olimisera?, olimisiera? 

ol mesera>* 55, ol-mesera**, 
ol-unisera"!, olimisera?* 7!, 
olmesera?, olmesere?, 
olmosera™,ormisira*” 68 

lamai* 

lamai** 


gendergen? 9! 


ol ormisira amai asa 


kuka (leaves for soup)“ 
(ex Hausa), káwà** 


Кээ 

k66” 

konian* %. 7!; foku?? 
(dark leaf) 

ко%®7!, ko? pl. koa’: 4, 
komian?5, konian*® ?!, 
kowa®! 

kwo” 

kowa?’ 

konian?? 


maada pl. maadanga 2 " 


wereek’® 


badhusu, bàtóósó 


pl. àtóósó"* 


badhusu, bàtóósó/* 
‘bazu, pl. nzo' 
mansallo!!, mànzolo pl. 


ànzoong/ 
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Classification Country Vernacular name 

Hatsa 

Hadza Tanzania bahepe’a n||obabe?, 
nobako* 

Sandawe 

Sandawe Tanzania gele? 

Southern Africa, Northern 

Vasekela Namibia mukuyu 

1.2.4 Afro-Asiatic Phylum**i 

Classification Country Vernacular name 


Berber“, Tamasheq, Southern 
Tamasheq Kidal [Tadghaq] 
Tamasheq** [Tuareg] 


Iwellemmeden 
Berber, Zenaga 
Zenega"* 


Chadic, Biu-Mandara, A, A.3 
Bana 

Chadic, Biu-Mandara, A, A.4 
Hdi 

Parkwa (Podoko) 

Chadic, Biu-Mandara, A, A.5 
Giziga 

Mada 

Muyang 

Chadic, Biu-Mandara, A, A.7 
Daba 


Chadic, Biu-Mandara, A, A.8 
Bacama 


Burkina Faso 
Mauritania 
Mali 

Mali 


Mauritania 


Cameroum 


Cameroon 
Cameroon 


Cameroon 
Cameroon 


Cameroon 


Nigeria 
Cameroon 


Nigeria 


Chadic, Biu-Mandara, A, A.1, Westerm 


Tera 


Nigeria 


Chadic, Biu-Mandara, B, B.1, Kotoko Proper 


Mpade (Makary) 
Malgbe (Malwo) 
Chadic, West, A, A.1 
Hausa** 


Cameroon 
Cameroon 


Burkina Faso 
Niger 
Nigeria 


takudust** 
tedoüm 

tudukust*! 
tadyomt** 


tadaumit?? pl. tedumit”, 
tādmūt*, taidoum, 
táidoum, teidoüm 


kwowo** 


ka'u** 


huhuwá 


mbaastay™ 
kokormbana* 
akram** 


kaka* (fruit) 
kaka* (fruit) 


kawto** 
kukwa 


kalkuka 
kwakwa 


kuka*, kuuka?? 

kouka??, кока“ ** 

bamboo, bambu?^, bumbu“, 
dunku*^, kubali“, 
kulambi??, kumbali?^?, 
máürnaà?, mürnàà** 

(Sokoto), gullutu** 
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Hausa (continued) 


Chadic, West, A, A.2, Tangale, Dera 


Dera (Kanakuru) 


Chadic, West, A, A.2, Bole Proper 


Bole 


Country 
Nigeria 


Nigeria 


Nigeria 


Chadic, West, A, A.2, Bole, K larekare 


Karekare 


Nigeria 


Chadic, West, A, A.2, Tangale, Tangale Proper 


Kushi 
Kossi 


Cameroon 
Cameroon 


Chadic, West, A, A.3, Angas Proper, 2 


Tal 


Chadic, West, B, B.1, Bade Proper 


Buda [Gashua Bade] 
Ngizim 


Chadic, West, B, B.1, Duwai 


Duwai 

Chadic, West, B, B.2 
Miya 

Chadic, West, B, B.3 
Dass [Dot] 

Guus 

BB3 Jimi 


Chadic, West, B, B.3, Boghom 


Boghom 
Mangas 


Nigeria 


Nigeria 
Nigeria 


Nigeria 
Nigeria 
Nigeria 
Nigeria 
Nigeria 


Nigeria 
Nigeria 


Vernacular name 


(Kabi), kouka”!, kubali** 
Katsina), kuka?* ^65 71, 
kulambali* (Katsina), 
kuuka”, kúúkà pl. 
káákóókí(^; jar kuka“ 
(a variety), maiwa“ 

(a variety); gaatsiika™ 
(young tree (Kano) ); 
bakko“ (leaves, ex Fula), 
gatsika (young leaves); 
kimbalii™ gatsik (young 
leaves); kimbali (flower 
buds (Katsina), gulullutu'?, 
ku(m)bali*?, kulambali^? 


(flower); kuka bul, 
Kwame*, Rwámé“, 
Kwame, Kwami*, 
kwámii?^ (fruit); 
w(i)kwayo” 

(husk); damsa“, gubdi^?, 
kulkuli® (fruit pulp); 
gumayi", guntsu'?, 
güntsüü?^, gwargwarmi^", 
gwargwamii*(seeds) 


kürnjé^? 
dombor** 


kuci** 


njobwele*? 
njobwele*’, nujubwele 


bókwo** 


kukwáu pl. kükun** 
kuku** 


kuko 
kushi** 
róon** 
du[ul* 


girim“, girum* 


mburdi** 
bokó** 
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Classification 

Chadic, West, B, B.3, Zaar Proper 
Geji 

Polci 

Saya 

Zul 

Cushitic**, North 

Bedawi [Hadendowa] 
Cushitic, Central, Northern 
Bilen [Bilin] 

Cushitic, East, Rendille-Boni 
Boni 

Cushitic, East, Somali 
Somali 


Cushitic, East, Oromo 

Orma 

Sanya 

Cushitic, South 

Burunge 

Goroa [Goro, Gorowa] 

Iraqw 

Wasi [Alagwa] 

Semitic, Central, South Arabic"! 
Egyptian Arabic? 


Sudanese Arabic 


Shuwa Arabic [Chadic Arabic] 


Arabic-Hassaniya"*" 


Country 


Nigeria 
Nigeria 
Nigeria 
Cameroon 


Sudan 
Eritrea 
Kenya 
Somalia 
Kenya (Tana) 


Kenya 
Kenya 


Tanzania 
Tanzania 


Tamzania 
Tanzania 


Egypt 
India 


Sudan 


Chad 


Senegal 


Niger 


Nigeria 


Mauritania 


Vernacular name 


daahooli** 
po't roont 
dót“ 
bolime** 


humar’! 76 


dira 
jah“ 


jach, jag, yaaq“, 
yag^ As a yak? 
jag”, yak^ 


уак? 62, 84 


yaka? 


daka'u?^, dakau? 
dakaa’um6**, dakaumo? 
gendar-yandi*™, gendaryandi? 
dakaa'imoo* 


ba hobab!: ?; ҺаБһаЬ% 7! 
(fruit); lobb?! (fruit pulp) 

babbab!, bahobab, habhab, 
habhabu, hujed?' *! 

homeira! 1, 49, TI. humar! 1, 49, 39. 
humr!'?! (red-barked), 
taball?, tebeldi!!: ! 2749 71; 
gongoleis'' 7! (fruit), 
gongoles”, gunguleiz”! 

hamao*’, hamar?? "!, 
hamaraya** 7! (the red), 
hamray pl. hamar™, 
kalakükay pl. kalakiika™, 
tabalday pl. tabaldi* 

el-omarah, oufa; el-kongles 
(fruit) 

hamar“, hamaraya^, homar, 
humar (red-barked); 
gongoleis (fruit) 

hamar“, hamaraya”, 
homar^, humar”, oufa*°, 
tabaldi*®, el-omarah*°; 
gongoleis” (fruit) 

el qandalis'®, qandallis, 
taydüme?!, teidoum* 68; 
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Arabic-Hassaniya (continued) 


Yemini Arabic 


Jibbali 
Semetic, South, Ethiopian 


Country 


Senegal 
Burkina Faso 
Niger 


Yemen 


Oman (Dhofar) 


Vernacular name 
teidotiim”, teidoüm!5; 
teidouma?*; teidum?? 

qandalis?, taidoum? 

teidoum^^ 6, teidoüm 
oufa, tabaldi, tédum 
el omarah 

al shajarah — al gharibah ^? 
(the strange tree) 

enkíjé^, enkízé, mukaza** 


Amharic*?" Ethiopia bamba? 7 **, dema?, dima*^95, 
аџтта* ** , hemer, 
hemmer?, humme 

Tigrinya [Tigre] Sudan hamarat pl. hamar!' 75 

Eritrea duma*, himeret 

Ethiopia damba*, demba, dema?, 
атпа? ^, dime, dumma*? "!, 
hemer, hemmer^' 7!, 
hummer? 

1.3 Indian Names 

1.3.1 Indo-European Phylum 

Classification Country Vernacular name 

Indo-Iranian, Indo-Aryan 

Sanskrit India chitrala?* ?!, chorami?6, 


choramli*!, dirghadandi** *!, 
gajabala*!, zandhabahula?5, 
gopali** *', gorakkchinch?!, 
goraksacinca?!, gorakshi*®, 
gorashi?!, goraksi*!, 
kasmiramlika*', pancaparni?!, 
pancaparnika*', 
panchaparinka?6, 
ravanamlika?!, 
sarpadandi** *', sitaphala?!, 
36, 81 


sitaphalam?!, sudandika 


Indo-Iranian, Indo-Aryan, Eastern zone, Bengali-Assamese 


Bengali 


Indo-Iranian, Indo-Aryan, North-western zone, Sindhi 


Kachchi [Cutchi] 


India 


India 


gorak amali?® 75: 84, 


gorakamali®, rukhado” 


gorakh chinch” ^ 
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Classification Country 
Indo-Iranian, Indo-Aryan, Central zone 
Gujarati» India 
Panjabi Eastern [Malwa] India 


Indo-Iranian, Indo-Aryan, Central zone, Western Hindi 


Hindi India 


Indo-Iranian, Indo-Aryan, Southern zone 
Marathi India 


Indo-Iranian, Indo-Aryan, Sinhalese-Maldivian 
Sinhala [Singhalese] Sri Lanka 


Vernacular name 


bukha? **, chor amli” 


(not genuine tamarind), 
choyari chinch? ? (horse's 
tamarind), gandiyu zaad? 
(mad tree), ghelu zaad”? 


(mad tree), gorak-ambli?? ** 80, 


gorakh-amli*, gorakh 


chintg? **, gorakh imli”, 
39 


gorakha-aml??, gorakhamli?, 


gorakha-amli? ?, rukhado?- $9, 
rukhado^, sumpura* 7! 80 
kalbriskh?, kalpbriskh’, 
khurásáni imli?! 


gor amil chora?, gor aml 


chorai™, gorak amli?? *!, 


górak amali'®, górak 

amli* "^*^, gorak imli?? 5!, 
górakh imli*', gorakh 

amli> 74, w gorakh imli? un 
górakh imli”, gorakamali?!, 
gorakhamali?', gorakhimli*?, 
gorakhchincha, 
goramlichora*!, hathi 
kathian?? "^ 9. háthi 
khatiyán* "' (elephant's 
flax), hatti-kattian?!, 
kalapbirchh?" **, (the 
mythical wishing tree), 
háthi khatiyán"^ (elephant's 
flax), hátkí khatyám (the 
plant), lochora?', sumpura*', 
vilaiti imli** (exotic 
tamarind), vilayti-imlf^ 2° 
(exotic tamarind), vilayyati 


gonik-chintz?!, gorak 


chinch”, gorakh 

chinch?*?!, gorakh 
chinchi, gouruk chintz”, 
gorakhchinch*', 
gorakhchincha^ “, gouruk 
chintz^, sumpura gorakh 
chinchi” 


aliya-gaha? (elephant-tree), 


alliya- gaha 
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Classification 


Southern, Tamil-Kannada 
Tamil 


Kannada 


South-Central, Telegu 
Telugu [Telegu] 


aane hunise*!, anehunese? 


Vernacular name 


aanaipuliya maram*', 


anaimaram?!, anai-puli? 7, 
апаірриі?, anai- 
puliya-maram*?!, 
anai-puliyamaramS!, 
anai-puliya-marram? ° 

(the plant), 
anaipuliamaram?? 99. 81, 
anaipulia-maram?!, 
anaipuliya-marum" ^ *!, 
anaippuli?!, 
anaippuliyamaram*', 
arucaka?!, arucakamaram?!, 
arukkankopikam?!, 
arrukkankopika-maram?!, 
cimaippulu?!, 
korakkarmaramS!, 
korakkarpuli*', malukikam?!, 
malukikamaram?!, 
paparapuli*!, paparapulia*", 
paparaphulia?, 
papparapapa-puli*', 
papparappuli® 36 71. 74.80.81, 
pappura puli*!, 
parpparappuli*', 
pepper-appaulu?!, 
perukkamaram*!, 

регикки?6 ®1, 
pontaippulimaram*!, 
pontampuli®', puri?* *!, 
puri-maram?!, purimaram?!, 
purinelli*', purippuli?!, toti®!, 
totimaram?!, totiyam?!, 
totiyamaram?!, yanaippuli*!, 
yanaippulimaram?!, 
yanaipuliyamaram*! 


anaippuli; papparappuli*, 


perukka, perukku- 


тагап?*; puri 
39, 80 
, 


bhrahmlica? %, brahamlika"^ 5!, 
maggivaamu™ 90, 


magimaavu?!, magimavu*! 


brahaamlika”, 


brahma-mlika?' 74 8!, 
brahmaamlika?? *0, 


brahmamlika?', maggimavu?!, 
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Classification Country Vernacular name 
Telugu (continued) maggivaamu? 80, 
seemachintakaaya™ 90, 


seemasinta/' "^, simachinta?!, 
simae-chinta*? 81 


Sources: Alpino (1592); Livingstone (1857)?; Masters (1868); Firminger (1875)*; Watt (1885); 
Dymock et al. (1890)°; Trimen (1893); Stow (1905)*; Basset (1909); Heim et al. (1925); 
Broun and Massey (1929)"; Andrews (1953); Nicolas (1953); Pardy (1953); Wild 
(1953)5; Leriche (1954)!5; Irvine (1961); White (1962)5; Haerdi (1964)!°; Robyns (1964)2°; 
Adam (1970); Drar (1970); Palmer and Pitman (1973); Ferry et al. (1975); Kerharo and 
Adam (1975); Lewicki and Johnson (1975); Wickens (1977)"; Leger (1978); Toutain 
(1979); Vaid and Vaid (1979): Armstrong (1980b)?'; Weiss (1980)?; Wild and Gonçalves 
(1980)?; Robyns (1981); Jansen (1982); Jayaweera (1982)'5; Larson (1982); Baumer 
(1984); Anonymous (1985); Burkill, 1985)"; Rodin (1985)"; Szolnoki (1985); Teel 
(1985); Adjanohoun et al. (1986); Maydell (1986)*; Thoyer (1986)**; Riley and Brokensha 
(1988); Miller and Morris (1988)**; FAO (1988); Jaoen (1988), Taine-Cheikh (1988); 
Rashford (1991)?; Hines and Eckman, (1993); Beentje (1994); Mbuyu et al. (1994); 
Rashford (1994a)°°; Nordeide et al. (1996)?"; Sidibé et al. (1996); Smith et al. (1996a)°?; Wood 
(1997); Diallo et al. (1999)*'; Johansson (1999)5': Maundu et al. (1999); Thulin (1999)9*: 
Blench (2000); Ambé (2001)%; Codjia et al. (2001)°’; Baerts-Lehmann (2002); Gebauer et 
al. (2002b)"; Okoro (2002); Sidibé and Williams (2002)"; Mullins 2003)”; Reddy et al. 
(2003)^; Singh (2003)"*; Vandercone et al. (2004)^; Blench (2004, personal communication)/5; 
Gupta and Tanon (2004)"; Hankey (2005); Maurunda and Bouda (2005); Monuc (2005)*; 
FRLHT (2006)*!; Sacande et al. (2006)?; Watson (2006, personal communication)?; Blench 
(2006a)**, 


2 Malagasy Names of Adansonia 


English (general term): baobab, bottle tree 
French (general term): baobab 
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2.1. Austronesian Phylum 


Classification Species Vernacular name 
Malayo-Polynesian, Barito, East, Malagasy“! 


Malagasy [Mahafaly] А. та 7а 
Bushi [Sakalva] A. digitata baobaba”, bontona", 
*boringy'!^ 5, fontana??? 
horingy”, rainiala!^ 15-20 
(father-of-the-forest), 
renala!®, reniala!^ !7 18 
(mother-of-the-forest), 
‘ringy’ 14, 15, 20: 
sefo? 4, 5, 6, 9, 10. 15, 16, 17 
Malagassy A. grandidieri *bontony za'!!, bontouna", 
renala? (mother-of-the- 
forest), raine-ala?, rainiala, 
reine-ala?, 
reniala? ^ 9 10, 11, 12, 13, 17. 
réniala*(mother-of-the- 
forest!), zabe!? 
А. perrieri Боју", bozy!* 
A. rubrostipa Богіпеу! 22, Топу 
2, 3, 6, 8, 14, а 6 


ringy^ 
тепа, zamena 
(red zaë) 

A. madagascariensis bontona! 55 15 2, boy, 
bontony", botony, 
bontouna, bozy® '*, bozybe, 
‘fony’® ^, m'boio", 
*reine-ala'5, reniala!! !6, 
гепійа!!, vontona'^ 22, 
‘za’ 1, 6, 8, 14, Ls ‘zabe’ 14 

A. za bontona! *!5 17, boringy'* 8, 
Боло", bozy!5, bozybe!®, 
reniala!!, ringy'^ "7, 
ząb 56 14, 17, 18, 21, 2. Za bé, 
za mena!” ! (red za, 
from the reddish tinge of the| 
bark), zabe!^ 5, zahabe'^ 7 


Malagasy Antankarana А. suarezensis bojy?, Болу“ !* 


Sources: Heckel (1903)!, Heim et al. (1902); Jumelle and Perrier de la Báthie (1909a, b)* *; 
Heckel (1910)°; Jumelle and Perrier de la Báthie (1910)5; Jumelle and Perrier de la Báthie (1912); 
Poisson (1912)5, Jumelle and Perrier de la Báthie (1913); Perrier de la Ваше (1924)'°; Perrier de 
la Báthie (1952a, Б)!" ? Perrier de la Báthie (1953)5; Perrier de la Báthie (1955)'*; Pernet (1957)5; 
Capuron (1961)'%; Cabanis et al. (1970"; Baum (1995b)!5; Bond (2001, personal communicaton)!"; 
Baerts-Lehmann (2002); Bond (2002)*!; Blench (2006а)22. 


6, 7, 9, 14, 17, 21 
, 

za' ^, za 

2,3,4,7,8,9 
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3 Australian Names of Adansonia gregorii 


English": baob’, baobab’, boab* > 7, boabab? °, boadab’, botle-tree? ", gouty-stem 
tree’ 2; nuts? (pods) 


3.1 Australian Phylum" 


Classification Region Vernacular name 

Bunaban 

Bunaba [Bunuba] Fitzroy Crossing, WA larrkarti?; wajarri> (fruit); 
ngipi’ (seeds) 

Djamindjungan 

Djamindjung [Ngaliwuru] Victoria River, NT kuruwan? 

Nungali Victoria River, NT muruwan? 

Djeragan 

Mirriuwung [Miriwoong] Kununurra, WA gadawori* 

Pama-Nyungan 

Ngarinman [Nigarinyman] Victoria River, NT jamulang® 

Worrorran 

Кууш [Gunin] Kalumburu, WA jumulu? 

Bremorai Kalumburu, WA dDjungeri? 


Sources: Cunningham (1837)!; King (1837); Crawford (1983); Brown (1985)*; Lowe (1998); 
Smith et al. (1993)5; Ramson (1998)’. 


4 Notes 


4.1 European Languages 


i The baobab (Adansonia digitata) is widely known in the West Indies as monkey 
bread and monkey tamarind tree, and it is generally assumed that it acquired that 
name because monkeys eat the fruit. However, Rashford (1994a) argues that in the 
West Indies ‘monkey’ implies imitation and the pulp is called monkey bread 
because it resembles bread, and monkey tamarind because it tastes like tamarind 
(Tamarindus indica). However, the term ‘monkey bread tree’ is also used in 
Africa, where the term ‘monkey’ does not carry the meaning ‘imitation’ and has 
been adopted into a number of European languages where, in my opinion, its 
more literal meaning remains valid. The name Guinea tamarind is attributed to 
the similarity in taste of the baobab seed to the tropical or Barbados almond 
(Terminalia catappa); however, Irvine (1961) likened the taste to that of the sweet 
almond (Prunus dulcis). 
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ï Africaans is a Dutch dialect influenced by French and Malayan (Cross and 
Wilson 1991; Heine and Nurse (2000) consider it to be either a separate German 
‘language’, or a very distinct overseas ‘dialect’ of Dutch, or a Dutch-‘based’ Creole. 


4.2 African Languages 


5 Owing European colonisation, a simplified form of speech, known as ‘pidgin’, 
evolved as the linguae francae from the languages of colonial powers and those of 
local populations. Once pidgin had become the mother tongue of sections of the 
population, with its own vocabulary and grammar, it became known as a Creole 
(Wolff, 2000). 

" Imbodeiro and imbondeiro are derived from the Mozambique Bantu-Yao 
name n’bondo (Ficalho 1884; Hiern 1896). 

“ The Niger-Congo languages may have been spoken from 13,000 BC or ear- 
lier. The proto-Mande-Congo era was the first important stage in Niger-Congo his- 
tory, with the cultivation of yams (Dioscorea spp.) and possibly other crops, such 
the oil palm (Elaeis guineensis), by the Atlantic and Ijo-Congo peoples. 

The first expansion of the Niger-Congo peoples was from the Nuba Mountains 
in the Sudan, where proto-Kordofanian was spoken, to Mali in the west, and 
became the territory of the Mande and Atlantic Congo branches. Between c. 8100 
to 6000 BC, a period when savannas were more extensive than they are today, the 
Atlantic and Ijo-Congo peoples spread cross the woodland savannas of West 
Africa. 

In the somewhat drier period of c. 5000—4000 BC, proto-Benue-K wa descendents 
of the proto-Volta-Congo people expanded southwards into the West African rain 
forests. Archaeological evidence for the development of stone tools required by the 
incoming Benue-Kwa cultivators for clearing rain forest for growing yams and oil 
palms dates from this period. 

In 3000 BC the Bantu-speaking peoples, an offshoot of the Benue-Kwa, 
expanded from Cameroon into the Congo rain forests. Over the next 3000 years 
various Bantu societies spread successively through many parts of the equatorial 
rain forest and south into the woodland savannas of southern Africa, bringing with 
them the cultivation of the yam. 

In roughly the same period the Adamawa-Ubangians carried yam cultivation 
eastwards through the woodland savannas just north of the equatorial rain forest, 
across what is now known as the Central African Republic (Ehret 2000). See xv for 
the Eastern Bantu. 

“ Little is known of the history of the Dogons but following the collapse of 
the Mali Empire they are believed to have migrated from the more fertile lands of 
the Nile Valley and settled in the region of the 250 km long Bandiagara escarpment 
of south-eastern Mali by the 14" century, a territory which they shared with the 
Tellem until the 15° or 16" century. The Tellem, a sub-Saharan pygmy group of 
cliff dwellers, arrived іп the area during the 11" century; they had disappeared 
without trace by the 16" century (Pern 1983; Schuster 2001). 
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"5 With the rise of the Berber ‘Almoravid’ movement in the western Sahara and 
the conquest of the Maharab between 1054 and 1077, Muslim influence grew and the 
Kingdom of Ghana, in what is now southern Mauritania and eastern Mali, prospered. 
The people are believed to be the ancestors of the Soninke. In about 1203 the 
Kingdom of Ghana was conquered and became a vassal of the Mandinka Kingdom 
to the south, and in 1240 was absorbed into the vast, newly created Kingdom of Mali 
founded by the Mande-speaking people, which lasted for some 400 years. Today the 
Mande languages include Malinke, Bambara, Soninke and Kpelle-Mende (Moss and 
Wilson 1991). 

vii The ancestors of the Malinke (Mandingo) of Mali, Senegal and Guinea 
were once members of the powerful Kingdom of Mali. In the 19% century AD they 
occupied a small state near the Niger River in present-day Mali. They are part of a 
people spread throughout West Africa speaking dialects of Manding (Moss and 
Wilson 1991). 

x The nomadic, cattle-owning Fulani (who call themselves Foula or Pullo) 
are a large and conspicuous tribal group, made up of a number of substantial iso- 
lated populations spread across the grassland savannas from Senegal to Chad, and 
extending into the Sudan. In the Sudan they are known as Fellata and some of them 
have intermarried with the local Baggara. The Fulani originated in the far west of 
the Sahel as livestock specialists who coexisted with subsistence farmers in the 
Takrur Kingdom of 11" century Senegal. By establishing similar patterns of coex- 
istence with other subsistence farmers, they extended their use of the Sahelian 
grazing lands eastwards, reaching northern Nigeria by the 17" and 18" centuries. 
Their spread culminated in the establishment of the Fulani-Hausa Empire of the 
Sultanate of Sokoto; their language is Fulfulde. 

* According to tradition the Wolof of western Senegal and The Gambia came 
from the north and settled in an area between the Rivers Senegal and Gambia, 
where another group, the Jola, were already well established. By the 15" century 
the Wolofs had conquered many of the other groups in the area apart from those 
along the coast, and had created a large empire (Moss and Wilson 1991). 

х The Fon migrated from south-west Nigeria during the 13^ century and 
settled in Ketou, where overcrowding forced them to settle in southern Benin. Here, 
together with the Adja, and Arada, they established the kingdom of Allada. Leaders 
from the core group then went on to found the smaller kingdoms of Whydah, Jakin, 
Za and Tori along the coastal and lagoon areas. The Allada kingdom of the Fon and 
its offshoots remained tributary states of the Oyo Empire. The Fon speak a tonal 
language very closely related to Ewegbe. 

“i The Ewe are people who migrated from south-west Nigeria to the coastal 
and inland areas of Ghana and Benin. According to oral tradition the Ewegbe- 
speaking peoples trace their origins to the early migrations of the Yoruba, whose 
10" century kingdom existed along the northern rain forest edges of present-day 
eastern Nigeria. These pre-Ewe peoples are said to have joined the drought- and 
famine-enforced migrations of the Yoruba and Adja peoples to Ketou in present- 
day Benin. In the 13" century over-population forced the pre-Ewe people to seek 
new territory. They migrated westward and split into two groups. One group settled 
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near the Mono River and founded the settlement of Tado, where it again split, one 
subgroup migrating to the plateau between the Mono and Haho rivers. The second 
Tado subgroup migrated further eastward in Benin and founded the Adja kingdom 
of Alladah; they are said to be the ancestors of the Anlo-Ewe who settled in Nuatja. 
During the mid-17" century groups of people fled from Nuatja. A northern group 
settled in the uplands and valleys, a middle group near the Akwapin-Togo ranges 
(Togo Mountains), and a southern group in the lagoon and coastal region. 

хш The Ashanti are a large branch of the Akan peoples whose ancestors are 
believed to have settled in the Black Volta basin and adjoining Ivory Coast during 
the 10" century. According to oral tradition these Ashanti ancestors migrated to the 
forest regions more than 2000 years ago. Considerable racial mixing occurred 
during centuries of continuous north-ward and southward migration. The Akan 
descended from immigrants who mingled with pre-existing groups and developed 
the Twi language. Straddling the trade routes from the nearby Empire of Mali to the 
gold fields in the southern forest zone, the Akan divided into clans and close-knit 
lineage groups, and prospered. 

ху The origins of the Yoruba in south-west Nigeria, Benin and central Togo 
are unknown but by the 11% century they had developed a rich urban and court life. 
Between the 17th and 18" centuries both Oyo and Benin had became large empires, 
that of Oyo collapsing in the 1800s (Moss and Wilson 1991). 

*© Beginning in the 3% millennium BC from a homeland in Cameroon the 
Benue-Kwa peoples, speakers of Bantu languages, spread east and south into the 
equatorial rain forests of the Congo. During the first millennium BC the Mashariki 
or Eastern Bantu, descendants of the proto-Bantu communities, began to spread 
eastward beyond the rain forest borders into the Great Lakes region. Finally, 
between 300 BC and 100 BC, the Mashariki communities expanded fairly rapidly 
across eastern Africa, from Uganda and Kenya south to KwaZulu-Natal in South 
Africa. During their migrations they encountered people from the Nile region and 
from Arabia. At about the same time, other Bantu peoples moved south from the 
rain forest into the savannas of Angola and Zambia. In southern and many parts of 
eastern Africa, the expansion of Bantu-speaking peoples proceeded at the expense 
of the Khoisan language, while in East Africa Bantu sometimes replaced the 
Southern Cushitic and Eastern Sahelian languages. From the 9" century onwards 
the coastal peoples had became important merchants, trading with the Middle East, 
being converted to Islam. Their language is now a mixture of Bantu and Swahili 
(Moss and Wilson 1991; Ehret 2000). 

As well as the Bantoid subgroup, all of the vast Benue-Congo group of 
languages are spoken in Nigeria and Cameroon. It is suggested that the region 
where the Bantoid subgroup of languages originated was the central Benue val- 
ley. This view contradicts the earlier assumption that the Bantu-speaking peoples 
originated in and migrated southwards from the Lakes region of East Africa. 
Given the wide extension of the Bantu languages and the small differentiation 
among them, it follows that this was a fairly recent movement, and that Bantu 
culture is a relatively recent southeastwardly expansion of the Guinea-coast type 
of culture (Greenberg 1970). 
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Bantu-speaking peoples broke up into a number of distinct societies. As they 
became fragmented, they developed language offshoots from the original Bantu- 
based language, including Bemba, Chokwe, Fang, Ganda, Herero, Kamba, Kikuyu, 
Kimbudu, Kikongo [Kongo], Kuba, Lesotho, Loangos, Luba, Lunda, Maasai, 
Makua. Maravi, Mbundu, Mukande, Ndebele, Ngundi, Nyika, Ovamba, Ovimbundu. 
Pondo, Swazis, Tsonga, Tswana, Venda, Xhosa and Zulu (Moss and Wilson 1991). 

There are clearly two competing Bantu roots in eastern and southern Africa, 
#mbuyu and #muramba, or something similar. It is possible that the similar forms 
in Swahili and Tonga are loans rather than true genetic cognates. Nevertheless, the 
South African Bantu names are clearly akin to #mbuyu and it is therefore possible 
that the baobab was carried southwards with Bantu expansion (Blench 2003). 

“ According to Kikuyu tradition, Kikuyu clans began to expand in the 16" 
century from their homelands in the northern part of their present-day territory, 
purchasing land for farming from the Athi people (Moss and Wilson 1991). 

i By the 16" century the cattle-owning Kamba had developed into a distinct 
society in the plains around Mount Kilmanjaro but facing competition from the 
Maasai in the early 17" century, they gradually migrated north-eastward during the 
following two to three centuries. By the late 1600s they had settled in the higher 
hilly parts of central Kenya (Moss and Wilson 1991). 

xii The Bemba of the plateau region of north-western Zambia are believed to 
have entered Zambia from neighbouring Zaire in the late 17" century or earlier 
(Moss and Wilson 1991). 

** 'The warrior Ndebele of Matabeleland in southwestern Zimbabwe are a 
breakaway group of the Zulu people. Founded in 1831, they moved northward from 
South Africa into Matabeleland, where they subjected the Shona to their rule (Moss 
and Wilson 1991). 

* The Zulu of KwaZulu-Natal and Limpopo Provinces of South Africa are cat- 
tle-herders and warriors. They are descendents of the Ntungwa-Nguni peoples who 
inhabited south-eastern Africa in the 15^ century. In about 1700 a subgroup, the ances- 
tors of the Zulu, migrated towards present-day KwaZulu-Natal where, by the late 1700s, 
overpopulation forced them to spread out across the land (Moss and Wilson 1991). 

xi The Tswana of Botswana and South Africa speak Setswana. The various 
Tswana groups trace their origins to expansions of the Sotho, chiefly families who 
originated in present-day central and southern Limpopo Province. Beginning in 
about the 14? century, the expansions of the original migrating groups became 
fragmented by internal strife and drought. By the 15" century, the Rolong 
(BaRolong) had emerged as a powerful kingdom, stretching from near present-day 
Pretoria westward into Botswana. By the 17" century several other chiefly lines 
were established in eastern Botswana (Moss and Wilson 1991). 

“i Bender (2000) regards the Nilo-Saharan phylum is the least widely 
accepted of the four phyla recognised by Greenberg (1970). 

xii The numerous vernacular names for Adansonia digitata found in the 
Republic of the Sudan among the inhabitants of the Nuba Mountains originate from 
the time when the Nuba, or brown races, sought refuge among the mountains fol- 
lowing the Arab invasion of the Sudan lowlands. The Nuba are by no means a 
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homogenous group of people; they speak more than 63 distinct languages and many 
different dialects. The inhabitants of several hills may share the same language, but 
in some areas the language spoken in one village may be unintelligible in a neigh- 
bouring village (Greenberg, 1970). Note that one of the vernacular names used, 
tabarly, near Jebel el Liri, shows an affinity with the Sudanese Arab tebeldi. 

xiv Dilling is on the periphery of the Nuba Mountains, and tuberli suggests an 
affinity with the Sudanese Arab tebeldi. 

ху Fur-speaking peoples are the principal inhabitants of Darfur Province in the 
Sudan, with a small group in eastern Chad. Fur is a term that properly applies to the 
language; the people claim to belong to the Keira dynasty but are known more widely 
as Fur. The Upland Fur occupy the Jebel Marra massif, and the largely Arabized 
Lowland Fur the surrounding plains. Their origins are obscure. Three dynasties, the 
Daju, Tunjur and Keira/Fur, are believed to have emerged from the original Neolithic 
Tora population; traditionally all three arose from intermarriage with and absorption 
of earlier dynasties. By 1200 AD the Daju from Ouadai (Wadai) in Chad ruled Darfur, 
to be replaced in 1350 by the Tunjur in the northern and central areas, people who are 
believed to have come from the Dongola area. Shortly after 1500 Darfur became part 
of the great Bornu Empire, which extended from northern Nigeria to the Nile until it 
collapsed in 1603. The Keira/Fur dynasty succeeded that of the Tungur at about the 
same time (Balfour-Paul 1955; Barbour 1961). 

ху The origin of the Khoisian, the oldest African phylum is uncertain, possibly 
dating from as far back as 20,000 BP. Is it a genetic unity or a collection of languages 
that has, over many millennia, grown together and acquired certain typological fea- 
tures? The genetics of the Khoisian languages has been further confused by the 
extinction of unrecorded languages and by insufficient study of those still spoken. 

The term Khoisan was created to refer to the related Hottentot and Bushman 
peoples and is compounded from Khoikhoi (men of men) and San, the names by 
which the Hottentots and Bushmen respectively call themselves. San were the 
original inhabitant of the Kalahari region and were followed by the Khoikhoi, who 
probably originated from a San group. Hottentots are mainly pastoral with a some- 
what complex political organisation and sense of ethnic distinctness, while 
Bushmen are generally hunters and gatherers. Both speak languages featuring 
click-sounds, which have been borrowed by neighbouring Zulu and southern Soto. 
Sandawe and Hadza (Hatsa) languages spoken in Tanzania, also feature click con- 
sonants, and are remotely related to Khoisan. The Sandawe are hunter-gatherers 
and agricultural and pastoral people of south-east Lake Victoria, Tanzania; the 
Hadza, also known as Hadzapi, Kindega, Wakindega or Watindenga, are a small 
group of hunter-gatherers who live some distance north-west of the Sandawe. 

The Khoisan of today are the remnants of an ancient hunting and gathering people 
that once occupied eastern Africa from Ethiopia to the Cape of Good Hope. These 
nomadic people were moving south at about the same time, 3000 to 1000 BC, as the 
Bantu of West Africa began expanding eastward and southward, arriving in Botswana 
between 200 and 500 AD. What appears to have been an amicable relationship was 
established between the three nations. By the 15^ century AD the old Khoisan traditions 
survived only in the south-west of Africa. Towards the coast the land was suitable for 
cattle grazing and the Khoikhoi became herders, while those nearer the Kalahari, the 
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San, continued as hunters and gatherers, with their distinct life-styles, the two groups 
became independent of each other. The Khoi intermarried with their Bantu neighbours, 
separating them further from the San (Greenberg, 1970; Moss and Wilson 1991; Ehret 
2000; Giildemann and Vossen 2000; Heine and Nurse 2000; Greenway 2001). 

* 5 The Afro-Asiatic phylum (formerly known as Hamito-Semitic) has more 
than 250 languages among its Cushitic, Omotic and Chadic branches, including 
ancient Egyptian, the Berber languages of northern and Saharan Africa, and the 
outlying Semetic languages of south-west Asia. The first divergence of ancestral 
proto-Afroasiatic produced the Omotic branch, now confined to the Ethiopian high- 
lands, and to the more widespread Erythraic branch. Later, the proto-Erythraic 
diverged to produce the Cushitic branch centred on the Horn of Africa and the Red 
Sea Hills, and North Erythraic branch of northern Africa which, in turn, gave rise 
to the Chadic, Berber and Semetic languages. 

In about the 6^ millennium BC speakers of proto-Chadic spread south from the 
central Sahara to the eastern Lake Chad basin. During the following 5" to 3" mil- 
lennia proto-Chadic people spread across much of northern Nigeria and central 
Chad; the best-known language is Hausa. 

xvii During the 3" millennium BC proto-Berber speakers spread from the 
central Maghreb to the borders of Middle Kingdom Egypt. A further Berber expan- 
sion over large parts of North Africa took place during the first millennium BC. The 
final Berber spread occurred during the first millennium AD, when the camel-owning 
Tuareg occupied the central Sahara. In historic times sub-Saharan peoples and 
Sanhadja Berbers settled in Mauritania. The region became the cradle of the Berber 
Almoravid movement, which by the 11° century AD resulted in the spread of an 
austere form of Islam to neighbouring countries (Deschamps 2002). 

The baobab would previously have been unknown to the Berbers (and Arabs) and 
therefore required a name. In classical Arabic the name for a large tree is дойт and the 
baobab was given the Berber feminine form of tedoüm, which the Arabs then adopted 
as teidotim (Leriche, 1954). The Arabic vernacular name for the palm Hyphaene 
thebaica is also дойт and it would have been essential to distinguish between these two 
economically important trees, hence the use of the feminine form for the baobab. 

The Berbers took part in the Fatimite conquest of Egypt from Libya and north-west 
Africa in the 10" century AD, settled in Upper Egypt and became Arabicized. Following 
their defeat in a rebellion against the ruling Mamelukes many fled to northern and 
western Sudan and settled. When Arabs began pouring into the Sudan from Egypt dur- 
ing the 13" century many of the Berber tribes were assimilated into Arab tribes. By 
1386 some of the nomadic Arab tribes had spread westwards to Lake Chad; some tribes 
may even have reached Mauritania (Arkell 1961; Barbour 1961; Hourani 1991), where 
they would have met other Arab invaders who had arrived via Morocco. 

xix The Tuareg, whose language is Tamasheq, are Muslim camel-herders and 
traders of the western Sahara (southern Algeria, north-eastern Mali and north-western 
Niger), and farmers to the south of the desert. By the 7^ century they had moved, 
in a series of migrations, from north-east Africa into the southern desert. At first 
centred on the oasis of Tuat in south-west Algeria, they took control of the Ahaggar 
and Air regions. By 1000-1300 AD they had spread south-west into the Tombouctou 
region. Other related Berber peoples had earlier spread south through the western 
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Sahara. The Tuaregs and other Berbers took up raising camels between 100 and 500 
AD, and the possession of these animals allowed them to spread southwards across 
the Sahara (Moss and Wilson, 1991). 

хх A caravan route continued to link Mauritania with Morocco during the 15" 
century AD. Arab tribes followed this route into Mauritania and soon outnumbered 
the Berbers; a mixed Arab-Berber (Moorish) culture was the result. The Zenaga 
represent such Arabicized Berber stock (Murdock 1959), as shown by their use of 
the Berber name teydím for the baobab. 

хх\ Hausa is a major language, perhaps the most widely spoken in sub- 
Saharan Africa. Other related languages from the Lake Chad area exhibit pronomi- 
nal and verbal forms similar to those of Hausa, but they are not recent borrowings 
from Arabia as sometimes suggested (Greenberg 1970). According to tradition 
there were originally seven true Hausa kingdoms. By the 11" or 12" centuries these 
kingdoms may have developed from family-linked groups into the present-day ter- 
ritory-based system (Moss and Wilson 1991). 

ххх! The Semetic languages spread to south-west Asia well before 5000 BC. In 
about the 6" century BC an Ethiopic group derived from a Epigraphic South Arabian 
dialect was carried to Eritrea by settlers from Yemen, who spread their language to 
many of the indigenous Cushites. Following the rise of Islam in the 7" century AD, 
conquests and population movements resulted in the spread of dialects of another 
Semetic language, Arabic, across North Africa and the Sahel (Erhet 2000). 

xxiii In the 14" century the descendents of the camel-owning Arab nomads 
migrated from Upper Egypt into the Sudan, where they invaded existing African king- 
doms and intermarried with Nubians and other peoples. As they progressively occupied 
the savanna region, they divided into two tribal groups, northern camel-owning 
Gammala and southern cattle-owning Baggara (Moss and Wilson 1991). Many Arabic 
plant names used in the Sudan have a common root that can be traced through the Sahel 
and Egypt to Arabia. Thus, when the Arabs invaded the Sahel during the late 13" and 
14" centuries they must have brought with them many vernacular names that they had 
previously used in the Middle East, and applied them to similar-looking plants in the 
new territories. However the baobab would have been both a remarkable tree and com- 
pletely unfamiliar to them, so they adopted the Berber name of tebeldiya. 

Alpino (1592) knew the fruit as Ba hobab, the vernacular name used by the 
Cairo merchants. Perversely, baobab has become the common European name for 
the tree while the fruit is now known, tautologically, as baobab fruit. Ba hobab is 
not appear in any French-Egyptian Arabic dictionary prior to 1952 (Leriche 1954), 
nor is known in any of the African languages. Consequently the name has given rise 
to much speculation as to its origin and etymology. To complicate matters further, 
the baobab does not occur wild in Egypt and the nearest possible source of the fruit 
is northern Sudan, where the tree is widely known as febeldi, and the fruit as gongoleis. 

Ghaleb (1965) suggests that baobab means ‘a thousand years’ but does not give 
his reasoning. Mauny (1951) and Drar (1970) suggest a derivation from the Arabic 
lobab or lobb meaning ‘fruit pulp’; similarly Storrs (1983) suggests a derivation 
from idob, an Arabic variant of lobab. However, Leriche (1954) argues that lobab 
is derived from the classical Arabic word lubâb, meaning ‘heart’. The more likely 
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derivation is the Arabic bu hibab, ‘the fruit with many seeds’ or abu hoboub, ‘the 
father of seeds’ (Beauverie 1934; Nicolas and Nicolas 1955; Adam 1962; Wickens 
1983a; Baumer 1995). 

Arab traders are believed to have been responsible for introducing the baobab 
into India during the Middle Ages, because it is mainly associated with ports 
along the western coast and in the Deccan among the Islamic towns of the former 
Moghul Empire. 

xxiv In the Sudan the Arabic name for the baobab is tebeldi or tebeldiya, 
which is not a word of Arabic origin. Douglas Newbold in Newbold (1924) and in 
Parr et al. (1924) correctly guessed a Berber origin pointing out that the ‘te’ prefix 
appeared Hamito-Semitic, while the root of the name was possibly derived from 
Belbeday, a place-name at Jebel Haraza in northern Kordofan. Newbold (1924) 
speculated that either the Garamantes or their medieval successors brought the 
name febeldi to the Sudan during one of the early Berber invasions from the west. 

Some baobabs used for storing water are self-filling, the rainwater running down 
the branches into natural hollows in the trunk. These are called Um Lagai, El Lagai 
or Lagat (Blunt 1923), names which Newbold thought suggestive of a Berber dia- 
lect, since the Berber root ‘lgh’? means ‘well’ or “water supply’. 

In both the Sudan and Nigeria, among the Arabic-speaking peoples, baobab 
fruits are known as gongleis, a word that could be of Berber origin. The Nigerian 
name possibly came from the Tuareg, whose camel trains carried salt from the 
Sahara to Nigerian cities. Their camel trains were very much in evidence during the 
early 1950s; one of their camels died in my ‘front garden’ at Dogan Daji! 

Despite the baobab’s disjunct distribution across the Sahel, this historical review 
offers an explanation for the similarity in vernacular names used in northern Sudan 
and West Africa. 

*** The Moors of Mauritania speak Hassaniya, a dialect that draws its gram- 
mar from Arabic but whose vocabulary contains both Berber and Arabic words 
(Deschamps 2002). Leriche (1954) reported that the noted Moorish poet and author 
from Mauritania, En-Nábigha Muhammad b. Umar al- Ghallawi Ha Hodh as- 
Shingiti (c. 1839-1903) (see Rebstock and Mayer 2001), used qandalis as the 
Hassaniya name for the tree despite the word's unlikely Arabic origin. Other 
authors of Hassaniya, including Basset (1909), Jaouen (1988) and Taine-Cheikh 
(1988, 1990) give the Berber name teydûm for the tree. 

*"" The Amhara of the central and northern highlands of Ethiopia came from 
a mixture of Abyssinian (early Ethiopian) stock and immigrant traders from southern 
Arabia. Amharic has been the official language of Ethiopia since the 13" century. 


4.3 Indian Languages 


xxvii Sanskrit is the official language of India (Gordon 2005). 
"ii Burton-Page (1971) commented on the onomastic nature of khuräsänî 
imli and górakh imli; imli means tamarind (Tamarindus indica). The sobriquet may 
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refer to the acid pulp of baobab fruits. The epithet khurdisdni is fanciful, since the 
baobab is unknown in the Khurasan region of Iran and probably an elegant way of 
implying ‘foreign’, as in ‘American cloth’ or ‘Russian salad’. The association with 
Górakh or Goraksanátha, patron saint of an order of yogis, is obscure. There may 
be some association with death, since executions traditionally took place under the 
baobab. Varmah and Vaid (1979) hesitantly suggested that the tree may be so 
named after Grakhnath because this saint saved the ancient sacred site of Jhusi at 
Prayag from destruction by the mythical rajah Harbong! 

Kalapbirchh is the former mythical wishing tree at Tilpat of uncertain identity that 
died in 1963 (Baden-Powell including Wilson 1879). Kalapbirchh or kalpa-vri- sha’ 
has been identified by Vaid (1964, 1979a) as Adansonia digitata. See Chapter 3 for 
further information. 

хіх The Dravidian phylum is a large group of families spoken mainly in 
southern India and northern Sri Lanka, especially by aboriginal population of 
southern India. 


4.4 Malagasy Languages 


* Madagascar was an uninhabited island until it was occupied in a series of 
migrations from Indonesia and Africa during the first five centuries AD. While it is 
possible that the Indonesians made the 6400 km direct crossing of the Indian Ocean 
to Madagascar in their outrigger canoes, it is more likely that they followed a 
coastal route via India and East Africa. 

The common language is Malagasy which, written in the Latin alphabet, is a 
standardised version of a mingling of Merina and the Sama-Bajaw group of 
Austronesian languages. It is now accepted that the closest relative to Malagasy is 
the Maanjan language of south-east Borneo. The ancestors of the Maanjan are said 
to have been part of a Barito group from Borneo who travelled to Sumatra and Java 
during the first five centuries AD, acquiring Sanskrit words in the process. 

The strong African element in the coastal populations is probably from later 
migrations, since their language is essentially Malayo-Polynesian with only slightly 
more Bantu-Swahili words than elsewhere on the island. Words for domestic ani- 
mals are derived from Kiswahili, probably indicating that the early Indonesian set- 
tlers did not bring animals with them in their outrigger canoes. Arab traders arrived 
later and, since the Arabic language disappeared quite quickly, the traders, pre- 
dominately male, probably married local Malagasy women, and became absorbed 
into the community. They left a few Arabic loan words and Islamic customs to tell 
of their former presence. 

By the 18" century three major kingdoms ruled the island, Sakalava in the 
west, Merina in the central highlands and Betsimisaraka in the east. There are 
more than 15 ethnic groups, including the Antaisaka, Antandroy, Betsilo, 
Betsimisaraka, Merina and Sakalave. Each clings to its traditions and continues 
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to speak its own dialect of Malagasy. The Merina people of the highlands most 
closely resemble the Indonesians, while the Bara or Makoa in the south-west are 
closest to their African origins. The Bara people are cattle nomads and their name 
is said to be derived from a Bantu word. The Makoa arrived as slaves captured 
from the Makua people of Mozambique (Brown 1979; Morris and Wilson 1991; 
Bradt 2002; Deschamps and Kent 2002; Burney et al. 2004; Ellis and Randrianja 
2004; Blench 2006b). 


4.5 Australian Languages 


xi Both King (1837) and Cunningham (1837) referred to the Australian 
baobab as the ‘gouty-stem tree’ It was first recognised as a species of Adansonia 
by Mueller (1858), although he also continued to refer to it as the ‘gouty-stem tree’ 
(Mueller 1857a, 1858. 1893). According to Ramson (1998) the first to coin the 
name *boab' was Alexander Forrest (1881), a term which Cowan (1886) expanded 
to *boabab', while Glass (1946) shortened baobab to *baob'. Although ‘baobab’ 
continued to be used (Clune 1947), the shorter and more easily pronounced *boab' 
is now widely used. 

xi There are approximately 260 Australian Aboriginal languages, forming a 
group of interrelated tongues that embrace the entire Australian continent and the west- 
ern islands of Torres Strait, excluding Tasmania. Twenty-eight language families 
are recognised, of which 24 are spoken in Arnhem Land and three in the 
Kimberley region. Every group speaks at least one distinct dialect, while 
bilingualism and multilingualism are common in many areas. There is no known 
link between these Aboriginal languages and any outside language, although it is 
believed that the people who entered northern Australia in the Late Pleistocene 
introduced languages ancestral to those spoken today (Brown 1997; Wurm 2000). 

There has been long-term contact on the coast with fishermen from the 
Malaysian and Indonesian archipelagos, and some words have been adopted from 
these islanders. Otherwise, overseas contact was rare. The Chinese Treasure Fleets 
of 1411-1413 circumnavigated the world and founded colonies in Australia; the 
colonies were abandoned in 1644, when the Qing dynasty imposed China's long, 
self-imposed isolation from the outside world. The 16% and 18" centuries saw the 
arrival of European explorers. Today, many native languages have been lost; however, 
efforts are now being made to maintain those still being spoken and to revive those 
with only a handful of speakers still living (Menzies 2003, Lowe 2005, personal 
communication). 


Appendix 2 
Economics 


1 Economics of Wild Resources 


Economists evaluate agricultural crops in terms of inputs and outputs, even when 
subsistence farmers grow these crops solely for domestic use without any monetary 
involvement. However, they often find great difficulty in evaluating scattered, free- 
for-all commodities from wild resources, which are harvested by an unknown 
number of people for domestic use. The baobab falls into this resource category. 

The usages of baobabs are, like those of any other commodity, governed by 
need, supply and demand. The choice of what is used reflects the quantity and sea- 
sonal availability, the economics in monetary or non-monetary terms, the relative 
advantages and disadvantages of the available alternatives, and local customs. For 
example, the inhabitants of the higher rainfall areas of the Sudan make less use of 
baobabs for food because they have a wider range of food plants to choose from 
than people in the drier regions, where the climate limits choice (Snow 1948). 

Chevalier (1951) noted that when baobabs were introduced into regions where 
they were unknown, such as the Central African Republic, the local people did not 
utilise them, even after 50 years. As rural populations ‘progress’ towards western 
standards the traditional wild food resources become less sought after (Arum 
1989a, b), although paradoxically, when processed they may become acceptable to 
urban populations. 

The commercial significance of a product need not be commensurate with its 
fundamental importance, i.e. the extent to which it promotes people's well being. 
For example, baobab leaves are widely harvested in West Africa. Their harvesting 
and consumption as food remains almost entirely a local affair, with only a small 
proportion being marketed. However, their use varies according to tribal custom. 
For example, the Socé families in Senegal favour baobab leaves as their main sauce 
ingredient for cereal dishes, whereas the Peuhl and Wolof prefer the exudate of 
Sterculia setigera (Poulsen 1982; Bergeret and Ribot 1990). 

In Dakar, where some marketing is organised, most of the product is harvested 
either locally or elsewhere within Senegal. The sheer volume harvested annually 
and consumed either fresh or dried, means that a far from insignificant labour 
investment is being willingly made by local people without any large-scale cash 
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payments. The implication is that the people consider the leaves an important and 
highly nutritive and free food beneficial for their health and vigour. Poulsen (1982) 
argued that the health benefits of baobab leaves, a non-wood forest product 
(NWFP), are possibly more important to the local people’s well-being than the 
income earned by a commercially marketable NWFP such as gum arabic from 
Acacia senegal. 

The result of deforesting savanna woodland for cultivation and fuel, leaving 
traditional fruit-bearing trees, is anthropogenic parkland; species such as Adansonia 
digitata and Faidherbia albida bear silent witness to the economic value placed by 
the local people on the retention of such trees. According to Ibiyemi et al. (1988), 
a mature baobab should produce more than 250 fruit and provide at least 30kg of 
food annually. 

Guinko and Pasgo (1992) made a 7-month study of 18 NWFP on sale in the local 
food markets of central Burkina Faso. They counted from 31 to 110 people, mainly 
women, regularly selling a variety of NWFP: baobab leaves and fruit, the calyx and 
flowers of the red kapok (Bombax costatum), kernels and shea butter from the shea 
tree (Vitellaria paradoxa), seeds of the African locust tree (Parkia biglobosa) and 
leaves and fruit of the tamarind (Tamarindus indica). The majority of vendors were 
selling baobab leaves and fruit; only three to 30 people were selling the other 13 
products. Another marketing survey in the south-east of the country by Mertz et al. 
(2001) showed the importance of the baobab, red kapok tree and African locusts 
(Schistocerca gregaria), a member of the Orthoptera, as wild food sources. Baobab 
leaves were second in importance to sorrel, Corchorus spp., in quantity for sale and 
were present in 23.5% of the meals consumed, the main season for their consumption 
being the early part of the rainy season, from May to June. Another study in western 
Burkina Faso by Lamien et al. (1996) found baobab leaves in 41% of the soups; 85% 
of the leaves had been purchased. Mertz et al. (2001) and Kristensen and Lykke 
(2003) working in southern Burkina Faso identified the baobab as one of the top four 
species in the domestic economy. A survey of wild foods eaten by the Malinké of 
northern Ivory Coast by Ambé (2001) also found baobab leaves and fruit popular. 

Lamien and Traore (2002) argued that the baobab leaf markets in Burkina Faso 
were out-of-date, with problems of oligopory and oligopsoly, i.e. where sellers and 
purchasers are few and the action of anyone in either group could materially affect 
the price. Savard et al. (2002) pointed out that despite the desire in Mali for market 
gardens for baobab leaf production and the establishment of market boards, there 
remained problems with seed germination, water supply and economic rents. 

In northern Benin there is a thriving trade in baobab leaves, pulp and seeds, 
which are sold to neighbouring countries. In one small market near Boukoumbé, 
6,923 kg of pulp was sold for nearly 900,000 F CFA in 2001. There is also a local 
market for baobab syrup and purée worth 2,500 F CFA Г! and 300 F CFA jar! 
respectively (Codjia et al. 2001, 2003). 

The Hadza are an egalitarian tribe of hunters and gatherers from the Lake Eyasi 
area of northern Tanzania, distantly related to the Khoisan people of southern 
Africa; baobab fruits are an important part of their diet, representing 14% of the 
daily calorie intake (Marlowe 2003). 
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The baobabs are not as fully exploited in Madagascar as in Africa; neither are 
they put to such a variety of uses. For much of the area this is largely due to the 
wider range and more abundant supply of wild and cultivated foods because of 
the higher rainfall. However, in south-west Madagascar the low irregular rainfall 
and shallow soils make the land less productive, and people rely more on wild 
foods, including Adansonia. 

Interestingly, of the food plants listed by Woodburn (1968) for the Hadza in 
Africa, seven are common to the diet of Kimberley Aborigines, including 
Adansonia, important to both groups (Crawford 1982). In most areas there has been 
a decline in traditional Aboriginal plant use and knowledge, which Smith et al. 
(1993) attributes to a loss of access to traditional lands, a loss of plants caused by 
pastoral activities and lack of interest due to western influences. However, the 
baobab, better known in Australia as the boab, is readily accessible; Lowe (1998) 
considers the main reason for the decline in its use is the modern western lifestyle 
of the younger generations, who are more attracted to fast foods and cool drinks 
and prefer playing video games to learning from their elders. A similar trend has 
been noted among Africans by Arum (1989a, b). 


2 Commercial Baobab Products 
2.1 Commercial Production in Africa 


African commercial production based on baobabs is largely limited to baobab 
fruit juices and sweets for local consumption, and basketry for the tourist trade. The 
export possibilities have barely been explored, although Mshigeni and Hangula 
(2001) reported a lucrative export of baobab seeds from Tanzania to the Arab States 
for use as a relish. 

Foodtech Tanzania Enterprises in Dar-es-Salaam is currently marketing a ‘baobab 
sauce’ from the fruit (Philemon 2004). In Malawi a project instigated by the Wildlife 
and Environmental Society of Malawi and funded by Deutsche Gesellschaft fiir 
Technische Zusammen-arbeit (GTZ) is marketing baobab juice. Baobab fruit are 
brought to the factory at Mwanza, where the pulp is separated from the shell. The latter 
is dried and burnt to heat the pulp, which is then soaked and strained. Sugar and pre- 
servatives are added to the juice before bottling (Anonymous 2004e). Another company, 
Cheetah Malawi Ltd, a member of the trade association PhytoTrade Africa, is about to 
venture into pulp and oil production (Dohse 2004, personal communication). 

PhytoTrade Africa represents producers of natural goods in southern Africa and 
has two offices, in Harare, Zimbabwe and in London. It is currently investigating 
the market possibility of baobab fruit pulp as a thick fruit juice with a high fruit 
pulp content, for use as an ingredient of smoothies. In Zimbabwe yet another small 
company, C&K Investments, a group of producers under SAFIRE, and also a 
member PhytoTrade Africa, recently started to extract oil from baobab seeds for 
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use in the cosmetics industry. Employing five people, the company is currently 
processing 6t of seed a month (Welford 2004; Welford 2004, personal communica- 
tion). PhytoTrade Africa reports that in Zimbabwe the monthly income during the 
baobab harvest season is 250% greater than during the remaining months of the 
year (Gruenwald and Galizia 2005). 

Luckert et al. (2001) reported that in Zimbabwe commercial baobab products, 
whether for food, domestic use or the tourist trade, played a vital role in the 
livelihoods of the rural households, ranking second only to crops. The increasing 
village populations have brought about a steady increase in baobab production 
activities, with 43% of the households currently employed in them. 

Eco products, an independent South African company is also marketing baobab 
fruit pulp as a natural cream of tartar, and baobab oil for therapeutic cosmetic pur- 
poses in South Africa. 

In Senegal, the Vegétaux d’ailleurs association has a garden centre at Richard 
Toll from where bonsai baobabs are exported to Europe. 


2.2 Commercial Production in Madagascar 


There has been some commercial interest. In c.1874 the representative of Maritime 
Communications at Morondava conceived the idea of processing A. grandidieri seeds 
for their edible oil. From then until early in the 20th century the seeds were exported 
to Marseille, where they were mixed with other oilseeds and cooking oil was extracted. 
The scheme eventually failed due to an irregular and insufficient supply to sustain the 
market. Some seeds were also processed at Morondava. The oil, of good quality, 
fetched 1 franc per litre, and was widely used by the local people (Gouvernement 
Général de Madagascar et Dépendances 1899; Rey 1912; Perrier de la Báthie 1925b, 
1953; Jourdan 1961). However, the oil is now known to contain cyclopropenic fatty 
acids, which are harmful if consumed in quantity and must be either removed or ren- 
dered harmless (Aitzetmüller 1996). See Chapter 4 for further discussion. 

Keraudren (1963) claims that in c.1900 Malagasy seeds were imported to the 
UK for making dry tea cakes. Unfortunately she did not disclose her information 
source and I have been unable to discover any Victorian recipe for such cakes. 


2.3 Commercial Production in Australia 


The commercial growing of A. gregorii for their young edible roots and young 
leaves is currently under investigation in Australia. There is a small market for 
boab root chutney and marmalade (Johnson et al. 2002, 2006). Melisssa Boot in 
Kununurra is using fruit pulp for flavouring chocolate (Nekrasov 2001). 

The Australian Food Standards Agency considers the boab as ‘not novel’; it was 
given food status in March 2005 (PhytoTrade Africa 2006). 
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2.4 Commercial Production in Canada 


A. digitata is listed in Canada as a substance used in cosmetics and care products 
regulated under the Foods and Drug Act between 1 January 1987 and 13 September 
2001 (PhytoTrade Africa 2006). 


3 Marketing Adansonia Products in the European Union 


The Harmonized Commodity Descriptive System (HS) is a six-digit international 
code used to identify commodities; countries are free to use further subheadings 
where necessary. Although baobab fruit pulp has no specific HS-Code, it is cur- 
rently imported under HS-Code 0813 4095 for dried fruit. This is because of the 
powdery consistency of ripe baobab pulp, otherwise it could be classified under 
HS-Code 1106 30 90 for flour and powdered fruit. 

Baobab fruit pulp is an interesting candidate for a new generation of functional 
foods and drinks. A variety of health claims are made about its prebiotic, antioxi- 
dant and anti-inflammatory functions and its high Ca content. It is also being 
promoted for use in food-technology because of its high pectin and fibre content, 
which gives beverages a thicker consistency, and makes it useful as a filler. 

The first western processor of leaves, fruit and seeds was the Baobab Fruit 
Company, founded in Verona in 2001; seedling tubers are also being considered. 
The company markets unpatented dietary supplements and cosmeceuticals 
(therapeutic cosmetics) in Italy, mainly in herbal stores and pharmacies (Fig. 44). 
Since 2004 the company has entered the international market, especially in Spain. 

The company's use of ultrasound at ambient temperatures to extract the oil 
ensures a better qualitative to quantitive ratio without any modification of the active 
ingredients by preventing the disintegration of thermolabile active ingredients, such 
as essential oils and vitamins, and caramelisation of sugars. Intermediate products 
are sold to other manufacturers; these include 1:3 fruit pulp concentrate without 
fibre and vitamin A, frozen fibre concentrate, and natural fruit pulp flavouring; a 
glycol fruit pulp extract is sold to the cosmetic industry. 
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Fig. 44 Examples of therapeutic cosmetics and dietary supplements from Adansonia digitata 
fruit pulp and seed oil marketed in Europe. 
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Raw materials are imported from Senegal through the independent Baobab Fruit 
Company, Senegal (Plate 24). The Italian company imported 70t of raw material in 
2003 and 140t in 2004, corresponding to 44t of fruit pulp worth €83,000. 

Another Italian company, Specchiasol, manufactures the symbiotic health 
product Ferzym from prebiotic baobab fruit pulp, which is used for enveloping 
probiotic bacteria. The German company Bórland has developed an aftershave from 
hydrolysed A. digitata extract (Gruenwald and Galizia 2005). 

Baobab fruit, also known as 'pain de singe', is sold in areas of Paris with a large 
population of West and Central African immigrants (PhytoTrade Africa 2006). 

An application has been made to the EU by PhytoTrade Africa (2006) for dried 
baobab fruit pulp to be used in such products as smoothies, cereal bars and other 
health food products. 


3.1 Tariffs, Quotas and Prices 


All goods entering the EU are subject to import duties, the level of tariff being 
determined by the country of origin and the product. Because of its powdery 
consistency, baobab pulp can be imported as 'dried fruit under HS-Code 0813 
4095, and has an import duty of 2.4%. Value added tax (VAT) systems have yet to 
be harmonised within the EU. The Baobab Fruit Company imports baobab fruit 
pulp and pays 4% VAT. 

Prices are dependent on supply and demand. The supplier receives between US 
$3 and US $20 per kg (Freight on Board), depending on quality and quantity as well 
as other trade terms. Baobab fruit pulp is not very well known and has not been 
heavily exploited commercially. In 2005 the current EU wholesale and retail prices 
of baobab fruit pulp were approximately €35 and €50 per 250g respectively. The 
current retail and wholesale prices are relative high for a vegetable product but are 
expected to fall as competition between producers increases. The processing does 
not require expensive technology, and can be carried out in the country of origin. 

The return on production costs for fruit pulp is 8-12%. Seeds make up 38-40% 
of the fruit by weight and processed for oil (Gruenwald and Galizia 2005). 


3.2 EU Directives 


Under EU Directive 2001/83/EC, no preparations of any kind can be sold as 
medical products for treating, preventing or diagnosing diseases unless authorised 
by the European Agency for the Evaluation of Medicines (EMEA) or the national 
authority of an EU member country. The necessary procedure consists of tests, 
clinical trials and detailed documentation of quality, safety and efficacy. The 
product must be pure and its ingredients defined. The complex nature of plant sub- 
stances is such that compliance with the regulations is difficult, as well as expensive 
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and time-consuming. Such stringent requirements would prohibit the legal distribution 
of most traditional herbal products within the EU. For this reason, Directive 
2004/24/EC provides a simplified procedure for traditional herbal medicines. 

To qualify, a product must have been used medicinally for 30 or more years, 
and at least 15 years within the EU or its current territories. In the past, baobab 
bark has been used commercially in Europe as a substitute for cinchona bark for 
treating fevers but no information has been found to show that baobab fruit pulp 
had been used for at least 15 years within Europe. If it could be proven that the 
pulp had been used for pharmaceutical purposes in, for example, Reunion, a 
French territory in the Indian Ocean, registration under the simplified procedures 
would be possible. 

Directive 2002/46/EC concerning food supplements, currently (in 2005) applies 
only to vitamins and minerals but is likely to be expanded to include plant and 
herbal extracts. No medicinal claims may be made, only nutritional claims. Such 
products may be classified as foods, not as medicines, and no medical claims may 
be made. Furthermore, only very low, non-pharmaceutically active dosages of 
herbs are allowed. 

"EU directives must be ratified by the EU nations. Because of this, the individual 
countries interpret and apply the directives differently. This is why, in Italy 
vegetable ingredients with nutritional or physiological functions fall under the food 
supplement directive.” There was no special guidance on food supplements in Italy 
prior to the EU directive. From 27 January 1992, food supplements, including 
herbal supplements, came under Italian law No, 109 as simple food products. In 
practice, food and herbal supplements were often registered and authorised as die- 
tary supplements for particular nutritional uses, and Italian law No. 111 applies 
from 27 January 1992 implementing EU Directive 89/398/EC concerning food for 
special uses. The Baobab Fruit Company’s authorisation for the use of baobab fruit 
pulp comes under this directive. 

Regulation 1997/258/EC is a non-tariff barrier for novel foods. For a food 
product to be accepted for marketing within the EU, a significant quantity must 
been on sale in at least one member state prior to 15 May 1997, otherwise the prod- 
uct is considered a ‘novel food’ and must undergo an expensive process to prove its 
safety. PhytoTrade Africa is currently (2005/2006) attempting to obtain approval 
for a simplified procedure from the UK’s Advisory Committee on Novel Food and 
Processes in order to pursue the further commercialisation of baobab fruit pulp. EU 
Directive 76/768/EC concerns cosmetic products and their ingredients. It includes 
an appendix on the International Nomenclature Cosmetic Ingredients (INCD, 
which lists products in the Inventory of Cosmetic Ingredients. Manufacturers are 
responsible for the safety of non-regulated cosmetic ingredients and since 1997 
have supplied dossiers on their products. Cosmetic ingredients must be registered 
with their INCI name. Adansonia digitata fruit, leaf and seed extracts and seed oil 
are all registered. While the INCI name identifies the ingredient, it does not 
guarantee the safety of the product. 

WHO Guidelines on Good Agriculture and Collection Practices (GACP) for 
Medicinal Plants (World Health Organization 2003) covers the quality of raw 
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material as well as packaging, marketing and labelling requirements; EU Directive 
94/62/EC prescribes minimum standards for packing materials. The manufacture of 
pharmaceuticals is covered by A WHO Guide to Good Manufacturing Practice 
(GMP) Requirements (World Health Organization 1997); this guide was harmonised 
with EU Directive 2003/94/EC (Gruenwald and Galizia 2005). 


Appendix 3 
Nutrition 


The nutritional value of the baobabs is of great importance to the local people. 
However, there is a considerable disparity in the results of various analyses, which 
may be due to a number of causes. These include the effects of the soil and climate, 
genetic make-up of the tree, age of the sample, conditions under which the sample 
was stored and prepared for analysis, analytical techniques used, and in the presen- 
tation of the results. Where possible, values are expressed as 100g о! dry weight. 


1 Energy 


Baobab roots, leaves, fruit pulp and seeds are healthy foods and an important 
source of energy (Table 29). 


2 Roots 


Johnson et al. (2002) reported the results of an analysis of the young roots (under 
a year, exact age not stated) of A. gregorii, which was being investigated for 
consumption as a possible commercial vegetable (Table 30). 

The roots are rich in potassium, a moderate source of starch and sugars and, 
for a root vegetable, have a relatively high protein content; no toxic substances 
were found. 

Antioxidants are discussed in Section 3 and the Integral Antioxidant Capacity of 
A. digitata roots is shown in Table 35. 


3 Leaves 


The leaves of A. digitata are rich in mucilage, tannins, calcium oxalate, sodium 
chloride, potassium acid tartrate and catechins; a flavonic pigment and an adan- 
sonia flavonoside, are also present (Anonymous 1906, 1907b; Adam 1962; Watt 
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Table 29 Metabolizable energy values 100KJ (kcal) g' dry weight of leaves, 
fruit pulp and seeds of Adansonia digitata 


Leaves Fruit pulp Seeds References 
- 1,430 (342) 2,149 (514) Busson (1965) 

1,860 (445) - - Nordeide et al. (1996) 
Е 820.5 (196) 760 (182) Odetokun (1996) 
— 849 (204) 1,898 (454) Murray et al. (2001) 
— 555 (131) — Manfredini (2002) 


Table 30 Average results from nutritional and toxicological analyses 
of young Adansonia gregorii roots. (From Johnson et al. 2002.) 


Non-minerals % Minerals Mineral content 
Moisture 6.7 B 13.0mg kg" 
Crude protein 5.4 Ca 0.68g 100g"! 
Crude fibre 21.0 CI 0.61g 100g" 
Ash 7.9 Cu 4.6mg kg"! 
Ether extract 3.6 F 0.05g 100g" 
Starch 16.7 K 2.73g 100 g^ 
CHO 16.0 Mg 0.36g 100 g^ 
Sugars 19.0 Mn 28.0 mg kg" 
Phytate 1.02 Na 0.05g 100g"! 
Total tannin 0.95 S 0.06 mg kg" 
Catechin 2.8 SO, «0.2g 100g"! 
Cyanides <0.5 Zn 20.0mg kg"! 


and Breyer-Brandwijk 1962; Busson 1965; Kerharo and Adam 1974; Oliver-Bever 
1986). 

The fresh and dried leaves (/alo) form an important item in the local diet, especially 
in West Africa. The proximate analysis of the leaves is shown in Table 31. 

The proximate analysis is unexceptional although the chemical score for the 
amino acids is high (Table 32). 

The leaves contain significant amounts of essential (or indispensable) amino acids 
that animals are incapable of synthesizing within their own bodies and are essential 
for human growth, maintenance and reproduction. Not only are baobab leaves an 
important source of tryptophan for people who eat them, but part of the human nico- 
tinic acid (niacin) requirement can also be satisfied by the conversion of tryptophan 
to nicotinic acid, the anti-pellagra vitamin B, (Yazzie et al. 1994; Nordeide et al. 
1996). Nicotinic acid deficiency is common in areas where maize is the staple diet; 
it can cause dementia, diarrhea and dermatitis (Falconer and Arnold 1988). 

The total lipid content of Adansonia digitata leaves was 55mg р! dry weight 
and includes the following essential fatty acids: myristic a trace, palmitic 0.24mg 
g ! dry weight, palmitoleic 0.011, stearic 0.035, oleic 0.058, linoleic 0.10, o-linolenic 
0.081 and arachidonic a trace (Glew et al. 1997). 
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Table 31 Proximate analysis of Adansonia digitata leaves (100g g^! dry weight) 


Toury etal. Nordeide etal. Lockett et al. Mean 
(1957)! (1996)! (2000)? values 
Dry matter 88.5 93.6 8.2 63.4 
Crude protein 13.1 15.0 10.1 15.0 
Crude fibre = = 27.5 12.1 
Ash 8.8 11.5 15.9 4.4 
Ether extract 2.3 4.6 6.3 - 
N-free extract - 69.0 40.2 - 
Gross energy kJ = 1,866 (445) - - 
(kcal) 

Metabolisable - 1,480 (353) - 


energy kJ (kcal) 


'fresh leaves; ?sun-dried leaves 


Table 32 Amino-acid composition of Adansonia digitata leaves. The ideal essential amino 
acid requirements for pre-school children are those of WHO/FAO (1973) 


Yazzie et al. Nordeide et al. Glew et al. WHO/FAO 

(1994) (1996) (1997) (1973) 

mgg' % of mg ог! % of ideal % 
Amino acid dry wt. total mg g!N dry wt. total of total 
Essential 
Lysine 6.1+0.9 57] 293 6.1 5.9 5.5 
Methionine 2.4 + 0.4 2:3 57 1.0 1.0 3,5! 
Threonine 4.1 x 0.7 3.9 300 3.7 3.6 4.0 
Tryptophan 1.6 x 0.5 1.5 105 2.1 2.0 1.0 
Isoleucine 6.7 41.1 6.3 293 35:5 5.3 4.0 
Leucine 8.74 1.4 8.2 501 8.8 8.5 7.0 
Valine 6.3 + 0.1 5:9 330 6.6 6.4 5.0 
Phenylalanine 5.7 + 1.0 5.4 308 5.0 4.8 6.0? 
Arginine 8.5 + 2.9 8.0 - 7.1 6.9 - 
Histidine 210.5 2.0 130 2.2 2,1 - 
Non-essential 
Glycine 6.0 x 0.9 5.6 - 5.6 5.4 - 
Cysteic acid 27x12 2.5 170 2.1 2.0 - 
Serine 4.7 Xll 4.4 - 4.6 4.5 - 
Proline 5.6 + 0.7 5:3 — 6.8 6.6 E 
Alanine 6.9 x 1.0 6.5 - 6.6 6.4 - 
Aspartic acid 10.3 + 2.5 9.7 - 12.9 125 - 
Glutamic acid 13.4 x 3.8 12.6 - 11.4 11.0 - 
Tyrosine 4.5 x 0.8 4.2 215 4.2 4.1 - 


‘methionine + cystine; *phenylalanine + tyrosine 


The leaves contain substantial quantities of many of the essential trace elements, 
including Ca, Fe, K, Mg, Mn, Mo, P and Zn (Table 34). The wide range of mineral 
content shown in Table 33 may be due to any of a number of reasons, such as 
minerals present in the soil, seasonal and genetic variations, age and maturation 


3 Leaves 379 


Table 33 Mineral content (100 mg 07! dry wt.) of Adansonia digitata leaves 


No. of 
Mineral Minimum Average Maximum samples References 
Al 22.8 144.3 287 3 3 
Ba 18.2 27.4 45.4 3 3 
Ca 307 1663 2640 10 1, 2, 3,556; 7 
Cu 0.29 1.17 31.2 9 1;4,5,6, 7 
Fe 0.32 113.36 254 13 1, 3,4, 5, 6, 7 
K 140 TTI 1567 4 1,3 
La «1.0 «1.38 1.73 4 3:3 
Mg 93.6 328.3 549 13 1, 3, 4, 5,6,7 
Mn 1.85 6.16 9.84 13 1, 3, 4, 5, 6,7 
Мо 0.91 1.55 1.98 3 3 
Na 0.86 81.9 163.0 2 1,5 
P 47 384 984.2 10 1.2,5/6, 7 
Sr 16 21:5 34.3 3 3 
Ti «0.5 «2.05 2.91 3 3 
Zn 0.74 7.87 24.6 12 1,3,4,5,6,7 


1 = Andy and Eka (1985); 2 = Prentice et al. (1993); 3 = Yazzie et al. (1994); 
4 = Smith et al. (19963); 5 = Glew et al. (1997); 6 = Barminas et al. (1998); 
7 = Lockett et al. (2000) 


Table 34 Mean vitamins A, B and C content (mg 100g!) of Adansonia digitata leaves 
Delisle et al. 


Andy and Eka (1985) Smith et al. (1996b) (1997) 
Fresh Sun-dried Fresh young Dry Dry 
leaves leaves leaves leaves leaves 
Carotene (A) 10.25 8.51 - - 8.61 + 5.4 
o-carotene — — 1:01 0.17 — 
B-carotene - - 5.92 1.63 - 
p-cryptoxanthin - - 0.81 0.11 - 
В-сагойпе cis-isomers = = 1.15 0.37 = 
Thiamine (B,) 0.48 0.57 - - - 
Riboflavin (B,) 1:23 1.15 - - - 
Total ascorbic acid (C) 203.8 171.0 — - — 
Reduced ascorbic acid 131.2 48.0 — — — 


of the sample and differences in analytical methods. There are also the possibilities 
of adulteration or contamination during processing. For example, Anonymous 
(1998) and Scheuring et al. (1999) warn against analysing market samples of 
leaves or fruit pulp because they are commonly extended with innocuous material, 
such as pulped cereal stalks. Conversely, A. digitata seeds have been found 
contaminating consignments of unshelled groundnuts (Arachis hypogaea) at 
Marseille (Chevalier 1923). 

The effect of the mineral content of the soil on that of the baobab has yet to be 
investigated. It is known that acid mineral soils increase the soil concentration of 
Al and Mn, decrease cation concentration of Ca, Mo and K and the solubility of Mo 
and P, while alkaline soils decrease the Fe, P and Zn concentration and the solubil- 
ity of Mn and Zn (Marschner 1995). These effects alone will make any general 
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recommendation for the daily intake of leaves (or fruit pulp) to meet human mineral 
requirements questionable. 

Iron deficiency anemia is common in many parts of Africa where the baobab grows. 
Both Yazzie et al. (1994) and Glew et al. (1997) suggested that baobab leaves could 
be an important source of dietary Fe, although the bioavailability of the minerals in 
the leaves and protein digestibility have not yet been determined. 

Both Irvine (1952a) and Glew et al. (1997) commented on the high Ca content 
of leaves, while Woolfe et al. (1977) suggest that such levels may occur only in 
trees growing on alkaline soils; the comparative Ca content for trees growing on 
other soil types has not been investigated. The high Ca content of leaves from trees 
growing on alkaline, if not on others, will ensure an adequate Ca intake from the 
daily consumption 35—49 gm of lalo (dried baobab leaves). Prentice et al. (1993) 
noted that in The Gambia dried baobab leaves had the highest Ca content (17,500 
mg Ке!) among the locally obtainable raw ingredients; small quantities of which 
were used as a condiment. 

Boukari et al. (2001) recommend attention should be paid to the ratios between 
Ca, Zn and phytates since a synergism exists between the Ca and Zn ions resulting 
in a Ca:Zn:phytate complex that is less soluble than phytate complexes formed by 
either ion alone. 

Baobab leaves are also a valuable source of vitamins (Table 34) in an otherwise 
vitamin-deficient diet. Interestingly, the baobab leaves analysed by Ijomah et al. 
(2000) had an ascorbic acid content of 856.8 + 4.08 mg g~. Unfortunately, the age 
and state of the leaves was not given. 

Baobab leaves are a rich source of carotinoids, the precursors of vitamin A 
(9-28mg Ке! Retinol Equivalents, depending on the tree and drying method. 
Vitamin A deficiency is a serious nutritional problem among many developing 
countries. Vitamin A is necessary for the maintenance of epithelial cells and 
mucous membranes, the immune system, normal growth, development and repro- 
duction and night vision. Blindness in many children in Africa may be because of 
this deficiency (Schémann et al. (2002). 

To meet WHO (1990) standards, adolescent males and females aged 15 + would 
need to eat 61 g and 51 g day ! respectively of fresh leaves or 221 g and 185g day"! 
respectively of dried leaves. While the daily consumption of baobab leaves may not 
fully meet these targets, other items in the diet should help make good any shortfall. 
Although fresh leaves are available only during the rainy season, dried leaves can 
be obtained throughout the year (Smith et al. 1996b). 

Trees may vary in the size of leaves and number of leaflets they bear. Sidibé et al. 
(19982) found a correlation between the leaf size and their carotinoid content. Trees 
with small leaves (around 15 cm long) typically had 6—7 leaflets while trees with large 
leaves (around 20cm long) had 5 leaflets. Irrespective of the age, the small leaves had 
a significantly higher carotinoid content than large leaves. They also found that while 
shade-drying took 2-3 days longer than the commonly practiced sun-drying, the 
vitamins were far better preserved. They also found that the provitamin A content of 
shade-dried leaves was roughly twice that of sun-dried leaves and that of small leaves 
half as much again. Good provitamin A levels are also better maintained by storing 
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entire leaves rather than powdered leaves. As an additional benefit, the shade-dried 
leaves have a better flavour as well as being darker in colour. 

In Kenya the local farmers claim to recognise three types of baobab by the size 
and shape of the tree or its pods, the taste of the fruit pulp, some being sweeter than 
others, and by the season of flowering (Maundu et al. 1999). 

The seasonal folic acid (a constituent of the vitamin B complex) content of the 
leaves was examined using Lactobacillus casei to determine the availability in the 
human diet; it ranged from 0.39 to 0.46ug о! dry weight. The estimated daily 
intake from three meals per day was approximately half the FAO/WHO Expert 
Group (1970): 200ug g` for adults and 300-400 ug г”! for pregnant women (Huq 
et al. 1983). However, it is unclear whether fresh or dried leaves were examined. 

Oxidative stress is a secondary effect of many human diseases, and the consump- 
tion of antioxidant-containing foods can reduce oxidative damage to human cells and 
tissues as well as offer protection against any depressed cellular immune function 
caused by malnutrition, and possibly delay the progress of HIV infection to AIDS. 

Cook et al. (1998) used the Trolox ((S)-(2)-6-hydroxy-2,5,7,8-tetramethyl- 
chroman-2-carboxylic acid) assay to compare the antioxidant content of a number 
of edible wild plants from Niger with those of spinach (Spinacia oleraceae) and the 
potato (Solanum tuberosum), which contain 14.3 and 7.1 umol Trolox equivalents ог! 
dry weight respectively. Baobab leaves had an antioxidant capacity of 7.7 umol 
Trolox equivalents g`! dry weight. The specific antioxidant was not determined but 
it could be ascorbic acid, in which baobab leaves are rich, although flavonoids are 
also a possibility. 

A Trolox assay was also carried out by Vertuani et al. (2002) using photochemi- 
luminescence to compare the antioxidant capacity of aqueous and methanol extracts 
of baobab leaves and fruit pulp with those of various known to have a high vitamin 
C content. A similar study carried out by Besco et al. (2006) produced similar 
results (Table 35). 

The Integral Antioxidant Capacity is the sum of the water and lipid antioxidant 
capacities, calculated in mmol equivalents in activity of Trolox. This is a useful 
index of the capacity of complex vegetative samples to counteract reactive oxygen, 
especially the very toxic superoxide anion. 

In both the leaves and fruit pulp of the baobab, the water-soluble and lipid-soluble 
antioxidant capacities were high, and those of the funicles (red fibres) extremely 
high, suggesting the future use of red fibres as a valuable, new, health ingredient 
for food preparation and/or nutritional application. The highest results produced by 
the other fruits were for the water-soluble antioxidants, suggesting that ascorbic 
acid was the major contributor to the baobab's antioxidant activity. In the case of 
the orange, which has about one sixth the ascorbic of the baobab fruit, the 
water-soluble antioxidant capacity was about one seventieth that of the baobab 
fruit (Vertuani et al. 2002; Besco et al. 2006). 

The leaves of A. digitata embody 12% of a mucilage containing uronic acids, 
rhamnose and other sugars, which are believed to have an adverse effect of food 
absorption. On hydrolysis the mucilage was found to contain mainly galacturonic 
and glucuronic acids with minor quantities of glucose, galactose, rhamnose and 
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Table 35 Comparisons of water-soluble and lipid-soluble antioxidant capacities of Adansonia 
digitata fruit pulp and leaves with other fresh-fruit pulps. (From Besco et al. 2006.) 


Water-soluble Lipid-soluble IAC % Integral 
ascorbic acid Trolox umol g’ —— water/dry antioxidant 

equivalents што] g^! equivalents extract capacity 
Baobab fruit pulp 75.0 + 0.005 25.0 + 0.001 11 240.5 
Dry leaves 23.0 + 0.002 24.5 + 0.003 10 89.0 
Seeds 16.0 + 0.0007 6.5 + 0.00004 18 51.4 
Funicles (red fibres) 386.0 + 0.058 508.0 + 0.008 8 1617.3 
Seedling root 1.2 x 0.0001 1.0 + 0.00002 88 4.3 
Seedling root cuticle 8.5 x 0.0003 11.0 + 0.0003 88 35.3 
Kiwi fruit pulp 0.73 + 0.015 0.27 + 0.015 84 24 
Orange fruit pulp 17.0 + 0.015 0.29 x 0.015 86 24.3 
Strawberry fruit pulp 1.72 x 0.006 0.36 x 0.006 90 53 
Bilberry fruit pulp 1.95 x 0.017 2.00 x 0.017 82 2.6 


Table 36 Mean values of toxic substances present in fresh 
Adansonia digitata leaves. (from Andy and Eka 1985.) 


Field samples Market samples 

Toxins 100 mg g^! 

Total oxalates 4.37 x 0.14 5.26 + 0.21 
Soluble oxalates 1.75 x 0.07 1.96 x 0.10 
Phytic acid 0.05 x 0.01 0.04 x 0.01 
Phytic acid (% total P) 10.6 + 0.04 6.8 x 0.02 
Tannins 19.8 x 0.3 17.8 x 0.3 
Hydrocyanic acid 40.5 x32 37.2 + 2.6 


arabinose. Plant gums normally have protein and minerals associated with the 
polysaccharides but the baobab mucilage (like that of okra, Abelmoschus esculentus, 
which was also studied) had an unusually high concentration of non-carbohydrate 
components. It was also unusual in consisting mainly of an equal mixture of galac- 
turonic and glucuronic acids. The mucilage attained maximum viscosity in the 
neutral pH range. However, the solution is unstable, losing much of its viscosity 
when heated (Oliver 1959; Woolfe et al. 1977; Gaiwe et al. 1989). 

Druses consisting of insoluble calcium oxalate crystals are present in the paren- 
chymatous tissues (Solereder 1908; Metcalfe and Chalk 1950). Whereas insoluble 
oxalates (calcium and acid oxalates) in the diet are excreted without ill effects, 
soluble sodium or potassium oxalates are absorbed rapidly into the blood stream 
and precipitate the Ca, thus preventing Ca absorption by the body (Everist 1972; 
Blackwell 1990). The levels of oxalates and other toxicants present in fresh leaves 
are shown in Table 36 and are below the harmful levels of toxicity in humans 
(Andy and Eka 1985). 

Any analysis for Ca will also include that present in calcium oxalate. Apart from 
direct toxicity, the phytic and oxalic acids present may render the Ca, Fe, Mg and 
Zn less available for absorption in the gut. However, it is doubtful if the oxalates 
will pose a problem except in cases of minimal mineral intake where unusually 
large quantities are ingested (Robinson 1973; Ensminger et al. 1994). 
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Tannins are complex phenolic compounds, two types of which are recognised. 
The condensed tannins interfere with the utilisation of proteins and amino acids in 
the gut, but again the effect is minimal due to the small quantity present. The hydrolysable 
tannins are broken down by enzymes and do not react with the protein (Hagerman 
et al. 1992). The effect of the hydrocyanic acid would also be negligible. 


4 Fruit Pulp 


The dry, powdery or spongy fruit pulp is white to cream, sometimes pink. 
Gaertner (1791) refers to it as ‘pulpa fungosa-farinosa-rubicunda-acidula’ ; 
Dalziel (1937) notes that the pulp is “sometimes of a pinkish tinge’, while Green 
(1940) records a ‘pink acid-tasting pith’ as if it was nothing unusual. Carr (1958) 
took pulp that had been stored for 18 months and exposed it to direct sunlight and 
air for 7 weeks; the pulp changed colour from cream to a brownish pink. Dohse 
(2005, personal communication) and Sidibé (2005, personal communication) 
suggest the change to be the result of oxidation under light; it can also occur 
when a crack appears in the pod. The pink coloration could also be the result of 
a fungal infection when fruit is stored in humid or other poor conditions (Baum, 
1996). Ottaviana (2005, personal communication) suggested the coloration could 
be due to the release of anthocyanidines and polyphenols from the funicles (red 
fibres), and be accompanied by an increase in antioxidants. These ideas certainly 
require further investigation. 

Phytochemical screening of the dry fruit pulp surrounding the seeds indicated the 
presence of sterols and/or triterpenes, saponins, tannins, carbohydrates and glycosides; 
cardiac glucosides, flavonoides and alkaloids were absent (Ramadan et al. 1994). 

About 50% of the pulp of A. digitata was soluble in water, half of which con- 
sisted of reducing sugars, organic acids, proteins and ash, while about 20% of the 
remainder were pectic substances (Greene 1932). Heckel and Schlagdenhauffen 
(1888) and Anonymous (1906) found tartaric acid and potassium hydrogen tartrate 
(potassium acid tartrate) present, while Slocum (1880a, b) and Millard (1890) 
found potassium hydrogen malate (potassium acid malate), but Slocum, unlike 
Millard, found no traces of tartaric acid; however, there is some confusion regarding 
the species examined. The nutritional compositions of baobab fruit pulp are shown 
in Table 37. 

Before World War II the Argentine and the wine-producing countries of the 
Mediterranean were the main source of supply to the UK for lees, argot and some 
calcium tartrate. With the cutting off of these sources of supply domestic wineries 
initiated large-scale tartrate recovery programs (Osol and Farrar 1955), which 
included tartrates from Adansonia. 

Murray et al. (2001) noted that some authors reported only cellulose or crude 
fibre instead of total dietary fibre, and thereby underestimated the fibre content and 
overestimated the amount of digestible carbohydrates present after subtracting the 
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Table 37 Comparative data on the nutritional composition of Adansonia digitata fruit pulp 


Crude 
protein Fibre Ash Fat CHO 
Moisture 100g 97! dry weight References 
17.9-33.8 14—21 - 3.3-3.4 01-07 Toury et al. (1957)! 
- 25 114 4.0 0.8 81.3° Busson (1965) 
7.0 32 942 5.5 0.3 81.6° Wehmeyer (1966) 
5.2 14.3 10.7 43 13.9 51.4 Lee (1979) 
6.7 26 57 5.3 0.2 86.2° Nour et al. (1980) 
19.9 19.1 — 24 5.1 73.4 Obizoba and Amaechi (1993) 
13.2 3.1 8.33 5.0 4.3 79.4 Saka and Msonthi (1994) 
6.2 10.9 6.2? 2.0 4.3 45.2 Odetokun (1996) 
10.55 22 11.2 9:7 0.4 70.0 Locket et al. (2000b) 
4.7 47 45.1* 5.1 0.7 46.6° Murray et al. (2001) 
- 5.3 440° - 0.2 30.0 Manfredini (2002) 
10.4 32 54 4.5 0.3 76.25 Osman (2004) 


'three fruits sampled; ?cellulose only; *crude fibre only; ‘total dietary fibre; “carbohydrate deter- 
mined by difference; 5sum of starch determined by enzymatic analysis, and mono- and disaccha- 
rides determined by difference 


protein, fibre, ash and fat from the total. This resulted in an overestimate of the 
calculated energy value of the food. 

The fruit pulp provides up to 45 g 100g"! total fibre, of which 22.5% is soluble 
and 22% insoluble. /n vitro studies appear to show that the high soluble and 
insoluble fibre content of the baobab fruit has an interesting action on the growth 
of intestinal microflora. Insoluble fibre is not absorbed by the intestine but is useful 
against constipation and promotes satiety due to the increase in faecal mass and 
stimulation of peristalsis, which may be also useful in cases of a hypocaloric diet. 
The water-soluble fraction has a prebiotic effect, i.e. it contains an indigestible 
carbohydrate which stimulates the growth or metabolic activity of the intestinal 
microflora, such as lactobacilli and bifidobacteria, including Bifidobacterium 
bifidum АЗ and B16, B. infantis and B. longum, thereby improving the balance of 
the microflora and lactose digestion, preventing diarrhoea and stimulating the 
immune system (Vertuosi et al. 2001; Manfredini 2002). 

The dry pulp has a slightly tart, refreshing taste and is highly nutritious, with 
particularly high values for carbohydrates, energy, Ca, K (very high), thiamine 
(vitamin В), nicotinic acid (vitamin В.) and ascorbic acid (vitamin C – very high) 
(Arnold et al. 1985). The pulp is also a valuable source of amino-acids (Table 38). 

The pulp is rich in mucilage, pectins, tartrates, free tartaric acid (Busson 1965) 
and minerals. A. digitata pulp contains 2396 pectin, but the quality is inferior to that 
of commercial pectin, which is usually obtained from apple pomace and unripe 
pawpaw fruits (Carica papaya), with respective yields of 18% and 15% (Sanghi et al. 
1978; Nour et al. 1980). 

Ensminger et al. (1994) noted that the pulp's Ca content compared favourably 
with that of milk (119 mg). The mineral content of A. digitata pulp is shown in 
Table 39. 
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Table 38 The amino acid content (100g р! protein) of Adansonia digitata fruit pulp 


Essential Manfredini Osman Non-essential Manfredini Osman 
amino acids (2002) (2004) amino acids (2002) (2004) 
Lysine 14.62 1:7 Glycine = 2.9 
Methionine 4.92 0.2 Serine =. 3.2 
Cysteine = 1.0 Proline 2.35 = 
Cystine 11.23 = Alanine - 3.3 
Threonine 2.96 2.8 Aspartic acid = 6.4 
Trytophan 1.49 = Glutamic acid 4.02 6.5 
Isoleucine 10.73 22 Tyrosine = 20.6 
leucine 8.41 4,3 

Valine 1.62 4.8 

Phenylalanine - 44 

Arginine 6.04 7.6 

Histidine 2:71 1.2 


Table 39 The mineral content (100 mg g^! dry weight) of Adansonia digitata fruit pulp 


Nour  Eromosele Prentice Saka and Smith Glew Lockett 
et al. et al. et al. Msonthi et al. et al. et al. 
Mineral (1980) (1991) (1993) (1994) (1995a) (1997) (2000) 
Са 655 60.0 390 115.6 0.43 341 211 
Cu = 0.60 - - = = 0.55 
Ее 8.6 4.40 -= 5.8 1.2 17 4.23 
K - — — 2836.4 
Mg - 208.8 е 209 78.1 209 123 
Мп - 0.60 -= - 0.59 - 0.39 
Mo - — — - 
Na - - - 18.8 - 5.46 - 
P 50.8 5.0 35 45 -— 73.3 49.79 
Zn - 2.40 — - 0.47 1.04 0.47 


Insignificant amounts of vitamin A precursors were found in the pulp, with only 
low concentrations of carotenoids present (Smith et al. 1996b), whereas the seed 
oil, although not a good source of vitamin A, contained 43.46ug 100g" of 
B-carotene (Essien and Fetuga 1989). The pulp (100 g) also contained 0.48 mg 
vitamin B, (thiamine), 0.28-0.06 mg vitamin В /(riboflavin), which is essential for 
certain enzyme systems important in the metaolism of food, 2.16-3 mg vitamin B, 
(niacin), part of two important enzymes regulating energy metabolism, promoting 
good physical and mental health, and 2.13 mg vitamin B, (pyridoxin), an essential 
vitamin for growth and health (Manfredini 2002; Baobab Fruit Company 20032). 

Working in Nigeria Okoh (1984) dried baobab leaves and fruit pulp in the sun 
for 7-10 days to about 5% moisture. There were no significant differences in the 
fat, protein, carbohydrate and mineral contents between the fresh and dried sam- 
ples, but the vitamin B, (thiamine) content of the dried leaf and pulp samples were 
reduced by 36% and 18% respectively, and the vitamin C. content by nearly 100% 
and 97% respectively. 
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Table 40 Dry matter, pH and ascorbic acid content of Adansonia digitata fruit pulp 


Ascorbic acid 
Countr Dry matter (%) Н (at 25°C) (100mg g~ dry wt) References 
M y р 88g y 


Senegal = = 151—156 Diop et al. (1988) 
Senegal E - 168-173 

Nigeria -= - 375 Nicol (1957) 

Nigeria = E 337 Eromosele et al. (1991) 
Sudan -— 3.3 300 + 6.2 Noor et al. (1992) 
Malawi 86.8 3.3 179 Saka and Msonthi (1994) 
Zimbabwe 85.9-90.0 - 175-445 Carr (1955) 

Zimbabwe 85.1—89.8 - 240—422 Carr (1958) 


The vitamin С (ascorbic acid) content of ће рир of A. digitata (Table 40) is 
among the highest known among the African wild fruits, and 6 to 10 times that of 
oranges (FAO 1988). 

There are, of course, higher sources: the richest in the world is believed to be the 
fruit of the Australian gubinge tree (Terminalia ferdinandiana), containing 50 times 
the vitamin C of oranges (Brand et al. 1982)! 

Carr (1958) found that unripe pods with 8096 moisture contained no ascorbic 
acid. After 2 weeks the moisture fell to between 64.696 and 76.296 and the ascorbic 
acid varied from nil to 111.7 mg 100g. In ripe pods no relationship between moisture 
and ascorbic acid content. He also found an increase in moisture during storage, 
which he attributed to an increase in atmospheric humidity. In another experiment 
the ascorbic acid content of pulp that had been stored for 6 months fell from 295 mg 
100g"! to 264 mg, and after 18 months and exposure to direct sunlight for 7 weeks, 
161 mg; the pulp had also changed colour to a brownish pink. However, the ascor- 
bic acid content was not examined prior to expose to sunlight so it is uncertain 
whether the final decrease was due to age or sunlight. 

Diop et al. (1988) noted that while climatic, cultural and other conditions might 
explain some of the high results obtained by other authors, poor specificity of the 
titration and colorimetric methods could also be responsible. They also found that the 
titration methods used by AOAC (1984) produced higher results on the same baobab 
sample than liquid chromatography, while Orata and Ondachi (2001) found that 
surface modified electrodes showed a greatly enhanced ascorbic acid redox peak, and 
that the oxidation/ reduction peaks coincided with those of the corresponding stand- 
ard. The degree of ripeness of the fruit is also a factor that should be examined. 

The vitamin C content of the fruit pulp was examined for a range of morphotypes 
in Mali based on bark colour, and by regions selected for ethnic grouping, rainfall and 
soil type. The leaves and fruit of baobabs with black bark were valued more highly 
by the local people than those with red bark. The mean values per tree, irrespective 
of bark colour, ranged from 1,505 to 4,991 mg kg, with an average content of 
2,800 mg kg". This suggests additional reasons for the wide variations noted in Table 
40. While an analysis of variance revealed a highly significant correlation between 
individual trees, there were no significant consistent differences in vitamin C content 
between regions or types of trees. The baobabs were re-sampled and the vitamin C 
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Table 41 Anti-nutrient contents of Adansonia 
digitata fruit pulp. (From Ghani and Agbejule 1986.) 


Anti-nutrient % dry wt. 
Tannin 0.0062 
HCN 0.0049 
Total oxalates 0.0044 
Soluble oxalates 0.0013 


content was found to be remarkably stable in individual trees from year to year, thus 
making it possible accurately recommend the local human consumption requirement, 
and to select elite trees with a high vitamin C content to provide scions for grafting 
onto saplings (see Chapter 11) The results from an orchard of grafted trees estab- 
lished in Mali should be available in 2010 (Sidibé et al. 1996, 1998b; Scheuring and 
Sidebé 1998; Boffa 1999; Scheuring et al. 1999). 

The recommended minimum daily dose of vitamin C for healthy, non-smoking 
adults is 65mg, higher amounts being required for smokers, nursing mothers and 
others with special needs. For a full saturation of the total vitamin C pool in the 
body the daily requirement is around 140 mg (Sauberlich 1994). Based on an aver- 
age fruit vitamin C content of 2,800 mg kg”, the recommended daily dose could be 
obtained from 23 gm of powdered baobab pulp. The daily saturation of the body's 
vitamin C pool would require 50gm, while convalescents and nursing mothers 
would need 90 gm. While there are enough baobabs to meet the vitamin C require- 
ments of people in semi-arid West Africa, the people need to be better informed 
about its use and value (Sidibé et al. (1996). Diop et al. (1988) concluded that a 
daily intake of 70 5 of baobab pulp would meet the maximum physiological needs 
(200 mg) of the inhabitants of West Africa for vitamin C. 

Because of the pulp's high acidity and low moisture content, it can be conserved 
for several months without loss of vitamin C (Carr 1955, 1958). However, vitamin 
C can be adversely affected by moisture during storage, the drying process in the 
preparation of /alo (dried, powdered leaves), and by heat during cooking (Adam 
1962). Fortunately the traditional methods of storage and food preparation of 
baobab powder in West Africa are very favourable to vitamin preservation. The 
baobab powder is often conditioned and marketed in polyethylene sachets, which 
offer protection against ambient moisture. The powder is used almost exclusively 
in cool and hot drinks and gruel; it is never cooked but added to the heated food 
and drink after they have cooled (Sidibé et al. 1996). It is now available in the 
health food shops of Europe. 

The anti-nutrients present in baobab pulp are shown in Table 41. 

Condensed tannins are undesirable because of their reaction with the protein, but 
the amount is too little to have any adverse effects. Tannins are also said to gradu- 
ally disappear as the fruit ripens. The HCN level is also well below the minimum 
toxic level of 0.035 g, to reach which a person would have to eat at least 10 fruits 
at a sitting! The oxalate level is insignificant since only the soluble Na and K salts 
are toxic to humans, the lethal dose being 2—5 g (Ghani and Agbejule 1986). 
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Afolabi and Popoola (2005) examined the effects of the addition of powdered 
baobab pulp on the micro flora involved in tempe fermentation of soya beans 
(Glycine max). Tempe is a nutritious food obtained by fermenting soya beans with 
Rhizopus oligosporus. Traditionally an Asian food, it is now eaten in Africa. In 
Nigeria is fermented with powdered baobab pulp. In addition to the inoculum 
Rhizopus, the dominant micro-organisms were mainly lactic acid bacteria, 
Lactobacillus acidophilus, L. fermentum, L. lactis and L. plantarum. When the ratio 
of pulp to soya exceeded 3:10 fermentation ceased because Rhizopus was unable to 
survive, while lowering the amount of pulp increased the risk of pathogenic micro- 
organisms such as Bacillus sp., Salmonella sp. and Streptococcus sp. 

The pulp of A. gregorii was positive to the Liebermann/Burchard colour test for 
-NO and -OH groups, positive to the Silicotungstic acid test for saponins and to 
Dragendorff’s and Mayer's reagents for alkaloids. The pulp contained 1% tannin, 
and (100g) 10mg Na, 2,673mg К, 2,099 mg Mg, 250mg Ca and бтр Fe 
(Aboriginal Communities of the Northern Territory 1993). 


5 Seeds 


The seeds of A. digitata are, like the pulp, very nutritious, with high values for protein, 
fats (oils), fibre, most minerals and fatty acids. They have a higher protein content 
than groundnuts as well as being richer in lysine; 100 gm of seeds being sufficient 
to supply an adult’s daily requirements for protein and thiamine. For example, millet 
dishes are low in lysine but baobab kernels, which are rich in lysine, can provide a 
valuable nutrient supplement if added to the gruel. However, the pH of the blended 
cereal and kernels increases with storage. 

The seeds are a good source of fibre, fats and oils (Table 42), amino-acids 
(Table 43), fatty acids (Table 44) and pectins. 


Table 42 Comparative values of the nutritional composition of Adansonia digitata seeds 


Crude 
protein Fibre Ash Fat CHO 
Moisture 100g g' dry weight References 
- 41.6 2.2! 8.7 315 16.0° Busson (1965) 
4.0 28.4 10.8 6.9 29.7 24.1° Addy and Eteshola (1984)’ 
8.1 32.7 - 5.0 34.1 30.05 Obizoba and Amaechi (1993)? 
3.6 35.0 Til 15.7 12.4 29.9 Salami and Okezie (1994)? 
6.1 21.4 1:22 2:2 17.5 37.6° Odetokun (1996) 
8.2 15.1 49.73 5.8 11.6 17.8 Lockett et al. (2000) 
4.8 36.3 14.14 9.1 29.3 11:27 Murray et al. (2001) 


‘cellulose only; crude fibre only; *fibre determined by acid detergent method; “total dietary fibre; 
*carbohydrate determined by difference; °sum of starch determined by enzymatic analysis and of 
mono- and disaccharides by difference; "dry weights do not add up to 100g because each value is 
the average of multiple analyses 
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Table 43 Comparative values of the amino-acid content of Adansonia digitata seeds 


1 2 3 4 5 


l6gg'N 100gg' mgg'N l6gg'N 100g g" 


Essential amino acids 


Lysine 6.6 17.36 233 5:5 5.0 
Methionone = 5.94 78 - 1.0 
Cysteine = - - - 1.5 
Cystine + methionone 1.8 — - 3:5 - 
Cystine = 12.63 120 = = 
Threonine 4.1 1.64 - 4.0 3.8 
Tryptophan 1.4 2.64 86 1.0 - 
Isoleucine 3 7.10 - 4.0 3.6 
Leucine 7.6 7.48 - 7.0 7.0 
Valine 6.0 0.76 n.d. 5.0 9:9 
Phenylalanine = 5.18 284 6.0 4.0 
Phenylalanine + tyrosine 4.1 — - = E 
Arginine - 8.62 588 - 8.0 
Histidine - 1.43 124 - 2.2 
Non-essential amino acids 

Glycine = = = = 8.6 
Cysteic acid - — - - - 
Serine = = = = 6.1 
Proline - 0.62 - - - 
Alanine - - - - 7.1 
Aspartic acid - - - - 10.3 
Glutamic acid - 2.10 - - 23.7 
Tyrosine - 3.62 - - 1.5 


1 Addy and Eteshola (1984); 2 Odetokan (1996); 3 Proll et al. (1998); 4 FAO (1973); 
5 Osman (2004) 


Table 44 The fatty acid content of Adansonia digitata seeds 


Eteshola and Glew et al. Osman 
Oraedu (1996) (1997) (2004) 
(% of total (g fatty acid 100g" — (96 of total 

Fatty acids fatty acids) dry weight?) fatty acids) 
C14:0 mystiric 38.4 - 0.2 
C16:0 palmitic 19.7 0.143 242 
C16:1 palmitoleic = 0.002 E 
C16:2 hexade cadienic - - -— 
С17:1 - - 0.3 
C18:0 stearic 3:2 0.016 4.6 
C18:1 oleic 22.4 0.214 35.8 
C18:2 linoleic 16.2 0.138 30.7 
C18:3 linolenic - 0.002 1.0 
C20:0 arachidic - - 1.3 
C20:1 gadoleic - - 0.9 
C22:0 behenic = - 0.7 
C24:0 lignoceric = = 0.2 


‘converted from mg fatty acid g^! dry weight 
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Table 45 The mineral content (mg 100g" dry weight of Adansonia 
digitata seeds) 


Arnold et al. Odetokun Glew et al. Lockett et al. 

Mineral (1985) (1996) (1997) (2000) 
Ca 273 0.53 395 264 
Cu 2.78 5.36 x 10? = 1.19 
Fe 6.55 1.89 x 107* 1.83 435 
K 1275 1.74 + 0.41 - - 
Mg 640 0.20 + 0.04 352 278 
Mn — 2.84 x 10? 1.06 1.01 
Na 2.48 1.64 + 0.41 1.94 - 

P 5.12 1.49 x 107 614 678 
Zn 6.68 0.91 + 0.01 2.57 4.29 


Table 46 Tannin and phytic acid content and tryptic inhibitor activity in raw and 
treated seeds of Adansonia digitata. (From Addy and Eteshola 1984; Osman 2005.) 


Tannin content Phytic acid Trypsin units inhibited 


Seed treatment (% dry wt.) (100mg g^ (тег! sample) 
Raw seeds 0.30 + 0.04 73.0 + 0.9 15.9 + 1.6 
Seeds soaked for 24h 0.21 + 0.3 6.4 + 0.6 
Seeds boiled for 1 h 0.19 + 0.03 47 + 0.4 


In view of ће high content of extractable oils present, а protein-rich concentrate 
could be prepared from the seeds (Adam 1962; Addy and Eteshola 1984; Arnold et al., 
1985; FAO 1988; Salami and Okezie 1994). However, it is not always clear in the 
literature whether the term ‘seed’ refers to the tightly adhering husk plus kernel or 
solely to the kernel. 

A. digitata seeds contain significant amounts of the essential fatty acids, linoleic 
acid and a-linolenic acid and nearly 20% of a crude protein whose amino acid 
composition compared favourably with that of the WHO/FAO (1973) reference 
protein (Glew et al. 1997). 

The seeds are a good source of most minerals, especially assimilable Ca and Fe 
(Table 45). 

The seeds of A. grandidieri are also, like the pulp, very nutritious with high values 
for proteins, fats (oils), fibre and most minerals (Thomas and Boiry 1913). 

The seeds are free of alkaloids and cyanogenetic glycosides. The results of an 
examination for the presence of toxic substances (condensed tannins, which diminish 
protein and dry matter digestibility, and trypsin inhibitors, which bind the digestive 
enzyme trypsin) in A. digitata seeds are shown in Table 46. 

The tannin content was lower than that of sorghum (1.796) and the level of 
trypsin inhibitor units (TIU) was lower than that found in soya products (73-110 
TIU mg"). Proll et al. (1998) found 0.12% tannin and no trypsin inhibitors in either 
raw or heat-treated seeds. 
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Addy et al. (1995) and Igboeli et al. (1997) investigated the effects of different 
processing techniques on the antinutrient contents of baobab seeds, including 
dehulling and treatments with cold and hot water, 0.1 NHCI, 0.1 N NaOH, and 
fermentation. They found that all processing techniques except dehulling and fermen- 
tation significantly reduced the tannic acid content, with the alkali treatment the 
most effective for reducing the tannin and trypsin inhibitors while improving 
protein digestibility. Dehulling, cold water and hot alkali treatments also signifi- 
cantly decreased the activity of amylase inhibitors while hot water and hot acid 
treatments increased the activity of the amylase inhibitors. 


6 Seed Oil 


Ralaimanarivo et al. (1982, 1983) examined the oil from six of the seven species of 
Adansonia present in Madagascar; the results are shown in Table 47 and are further 
discussed in Chapter 12 as they are also of taxonomic significance. 

The oil of A. digitata is viscous, clear and bright yellow in colour, with no 
marked taste or odour. (Anonymous 1913). 

Depending on the method of extraction 8kg of A. digitata seed will yield 0.8—3 
1 of oil, 5kg of A. madagascariensis seed 0.3—1.2 1, and З Ко of A. za seed 0.15-0.6 
1 (Pernet 1957). A. grandidieri is the richest source; ether extraction of 500 g of seed 
yielding 215 g of oil (Thomas and Boiry 1913). 

A. digitata oil contains a high proportion of linoleic and oleic acids as well as 
palmitic, stearic and linolenic acids (Engelter and Wehmeyer 1970; Wehmeyer 
1971; Magboul and Mustafa 1979; Addy and Eteshola 1984; FAO 1988; Ezeagu et al. 
1998), although Cmelik (1963) noted a complete absence of linolenic acid from all 


Table 47 Comparative physical and chemical properties of the seed oils present in the 
three sections of Adansonia. (From Ralaimanarivo et al. 1982, 1983.) 


Section Adansonia* Brevitubae? Longitubae® 
Oil content (%)! 8.4-13.2 30.7-46.2 10.5-13.8 
Iodine value (Wijs) 79—80 56—63 87—96 
Acidic value 3.6-9.7 0.6-1.1 2.0-32 
Hydroxyl value n.d. 0.6-0.6 0.7-1.4 
Hbr-equiv. 55 C? n.d. 11.7-18.5 3.8-8.8 
Refractive index 1.4613-1.4621 1.4590-1.4604 1.4629-1.4635 
Palmitic acid? (% by wt.) 21.3-27.2 37.5-46.7 19.7—29.9 
Stearic acid (% by wt.) 4.4-5.4 2.0—4.7 2.0-3.8 
Oleic acid? (96 by wt.) 36.1-39.9 19.8-21.9 26.5-29.9 
Linoleic acid? (96 by wt.) 18.7-21.7 12.1-15.0 23.2-32.8 
Malvalic acid? (% by wt.) 3.1-6.2 6.0-7.7 4.3-6.7 
Sterculic acid? (% by wt.) 1.0-1.9 3.9-7.6 1.5-3.0 


'whole seed; "expressed as % sterculic acid; *by direct analysis of their methyl esters; 
4A. digitata; ^A. grandidieri and А. suarezensis, ^A. madagascariensis, A. rubrostipa and 
А. za 
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Table 48 The percentage of total sterols present in Adansonia digitata 
and A. gregorii seed oils 


A. digitata A. gregorii 
Gaydou et al. Sidibé et al. Ralaimanarivo 

Sterol (1979) (2002) (1983) 
Cholesterol 1.9 2 2.2 
Campesterol 6.3 6 6.2 
Stigmasterol 2.0 1-2 1.6 
B-sitosterol 81.0 75 74.8 
Fucosterol — - 2.4 
A-5-avenasterol 3.4 0.5 0.5 
A-7-stigmasterol 4.8 0.6 0.6 
A-7-avenasterol 0.8 12 11.7 


Table 49 Cyclopropenoic fatty acids (malvalic and sterculic acids) present in 
Adansonia seed oils. (From Aizetmüller 1996.) 


Malvic acid ^ Sterculic acid Total cyclopropenes 


A. digitata 3.1-6.2 1.0-1.9 4.1-8.1 
A. grandidieri 6.0-7.7 6.7-7.6 12.7-15.3 
A. suarezensis 6.4-7.7 3.9-4.3 10.3-12.0 
A. rubrostipa 4.3-5.1 1.5-1.6 5.8—6.7 
A. madagascariensis 5.1-5.9 2.1-2.2 7.2-8.1 
A. za 4.9-31.0 2.1-3.0 7.0—34.0 
A. gregorii 4.9 1.0 5.9 
Baobab oil 6.3 6.5 12.8 


fractions investigated except for a very slight absorption in the triene region with 
the lecithin. Funkhouser (1999) commented on the possible role of linoleic acid in 
the form of a glyceride in drying oils and oleic acid in the soap and cosmetic industry. 
However, the industrial use of seed oil suggested by Ezeagu et al. (1998) is, in view 
of the limited oil content, unlikely to be commercially viable. 

The iodine value (82.4) of the seed oil gives an indication of the high concentra- 
tion of unsaturated fatty acids present and compares favourably with that of olive 
oil, 81.1 (Odetokun 1996). 

The sterol contents of A. digitata and A. gregorii seed oils are shown in Table 48. 

Baobab seed oils contain nutritionally undesirable cyclopropenoic fatty acids 
(CPEFAs) (Table 49), which can be destroyed by heating (Aizetmiiller 1996). He 
also advised that the mixture of the oils of tigernut tubers (Cyperus esculentus) and 
baobab seeds recommended by Eteshola and Oraedu (1996) should be regarded 
with caution because the removal or destruction of the CPEFAs by refining was 
probably not carried out for the envisaged nutritious beverage. A micro-method for 
estimating oil content and fatty acid composition in seeds containing CPEFA is 
discussed by Gaydou et al. 1983. 


Appendix 4 
Forest Mensuration 


Considerable confusion has been caused in our understanding of baobab growth 
parameters and age projections by a failure to understand simple tree mensuration. 


1 Mensuration 


Forest mensuration had been defined as the determination of dimensions, form, 
weight, growth, volume, and age of trees, individually or collectively, and the 
dimensions of their products. This has now been extended to include non-timber 
forest parameters such as understorey vegetation, biomass and suitability for 
wildlife management (Husch et al. 2003). 


1.1 Trunk Girth and Diameter 


The girth (gbh) and diameter (dbh) of a tree must always be measured at breast 
height, 1.3 m above ground level except in a few special cases. When trees have two 
or more stems forking below breast height each stem is measured separately, but 
when a tree forks above breast height or slightly above, the trunk is measured below 
any enlargement caused by the fork. When there is a protuberance at breast height 
measurements should be made both above and below to give the mean. 

The gbh of a regularly shaped trunk is measured using a non-stretchable girthing 
tape. Dbh is gbh divided by m. A specially calibrated girthing tape is also available 
that gives both the gbh and dbh readings. For an approximate comparison 1 m gbh 
is equivalent to 32cm dbh. 

Diameter measurements assume the trunk is an exact circle in cross section, 
which is rarely true; any slight irregularities in shape results in an overestimation 
of both gbh and dbh For most practical purposes slight elliptical distortions can be 
ignored. For a trunk that is markedly elliptical in cross-section the arithmetic mean 
of the maximum (d,) and minimum (d,) diameters can be used, although this is still 
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an overestimation of the ‘true’ diameter; the geometric mean, V(d,.d,), gives a 
better result. р 

Calipers are useful for measuring diameter classes up to 1.3 т, but they are 
heavy and tiring to use, and subject to inaccuracies with wear and tear. Calipers 
could provide satisfactory results for baobabs with bottle-shaped trunks, and for 
the younger age classes before the trunk develops buttresses. For calculating 
incremental growth, adjusted diameter measurements will produce more accu- 
rate results than those obtained by dividing the gbh by л. The Biltmore stick, 
which is held perpendicular to the tree axis, may be used as an aid for estimat- 
ing dbh but is only accurate for trunks that are circular in cross section (Husch 
et al. 2003). 

In Africa foresters usually measure the gbh while the dbh is favoured in Europe, 
Australia and America (Simmons 1926; Bowman 1997). Most non-foresters find it 
easier to visualise the diameter of a trunk than its circumference. 

Incremental growth measurements must be made at precisely the same point 
on each occasion, necessitating permanent markings on the trunks (Simmons 
1926; Hart 1991; Husch et al. 2003). Continuous incremental growth measure- 
ments can be also be obtained using a recording dendrograph. This consists of 
a snugly fitting corrugated brass band around the trunk; changes in diameter are 
recorded as the corrugations push or pull an encircling wire, and are registered 
by the pointer on a vertical scale (Parr et al. 1924). Similar precise measure- 
ments can be made with dendrometer bands, dial-guage micrometers and trans- 
ducers (Husch et al. 2003). Any buttressing of the trunk exaggerates the annual 
growth because growth is greater with wider annual rings on the buttress crest 
than in the furrow. 

Ring counts can be made on the planed radial strip of a sawn surface using a 
hand lens. For standing trees an increment borer is used to extract a core from 
which the rings can be counted. Unfortunately is not always possible with large 
trees as the maximum practical length of a borer is between 40 and 50cm, although 
one borer available can extract cores of 4.5 m. It is, however, difficult to direct the 
borer to the centre of the tree, especially one with an elliptical trunk. Average radial 
growth may be determined from several cores taken at breast height, but if a single 
core is taken, it should be extracted halfway between the maximum and minimum 
diameters (Guy 1970; Husch et al. 2003). 


1.2 Tree and Trunk Height 


The total height of a tree is the vertical distance from the base of the tree to the 
uppermost point. Timber height is the distance from the base of the tree to the lowest 
point on the main stem where the diameter is 7 cm over-bark, i.e. the lowest point at 
which no main stem is distinguishable. Bole height is the distance between the 
ground and the crown point, i.e. the position of the first crown-forming branch. 
Crown length is the distance between the crown point and the tip of the tree. 
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Unless made by a forester or a surveyor, height measurements should always 
be treated with suspicion. Apart from direct measurements using height rods, 
the two basic methods for measuring the height of a tree are derived the geo- 
metric properties of similar triangles or the trigonometrical properties of angles 
using a hypsometer, clinometer or Abney level, the observation point being 
about 1—1.5 times the height of the tree. Some of these methods are briefly 
described below. It is difficult to measure accurately the height of trees with 
large flat crowns, e.g. many baobabs. There is a tendency to overestimate their 
height (Husch et al. 2003). 


1.2.1 Some Methods of Measuring the Height of a Tree 


1. Using calibrated height rods made in 1.5—2m sections; only the top section is 
calibrated. Sections are added from ground level until the calibrated rod clears 
the canopy. The clearance is deducted to give the height. It is the most accurate 
method but is only suitable for heights up to 15-20 m because of the weight and 
flexibility of the rods. 

2. The *Pofort's Stick Method’ uses a vertical stick or rod of the same length as the 
distance between the outstretched fist and the eye; the observer walks towards 
the tree with the arm holding the extended until the top of the tree is in line with 
the top of the stick and the base of the tree is in line with the fist. The distance 
from the observer to the base of the tree is the same as the height. 

3. The ‘Boy Scout’ method is to compare the length of shadow cast by a pole of 
known length with the shadow cast by the tree. 

4. Various models of dendrometers available that depend that compare of similar 
triangles. 

5. An optical hypsometer with a built-in rangefinder can be used to measure the 
angle of the canopy from eye level at fixed distances from the tree. The 
range-scale is hung on the tree and the reader is positioned at the point that will 
give a 45? plus observation angle. Since these instruments measure from eye 
level, the ‘above’ readings must be added to the ‘below eye level’ reading to 
give the total height. 

6. The clinometer works in a similar manner to a hypsometer but there is no 
sighting tube. 

7. The Abney’s level is a hand-held instrument with a spirit level by which angles 
up to 60? can be measured (Husch et al. 2003). 


1.3 Crown Parameters 


The foliage is the primary source of photosynthesis, and the use of crown 
dimensions, as a surrogate for foliage, has now become an integral part of many 
growth and yield studies and, in the case of the baobab, is useful for predicting 
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wildlife habitat value. Vertical aerial photographs may be used to measure crown 
diameter. Alternatively and less easily, while working in the field, projecting the 
perimeter of the crown vertically to the ground can measure the diameter (Husch 
et al. 2003). 
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Accepted names are in bold type, their synonyms in italics. Family concepts follow 
Angiosperm Phylogeny Group (1998) and Schatz (2001). Author abbreviations follow 


B 


1. 


Plant Index 


rummitt and Powell (1992). 


1 Angiosperms 


LEGUMINOSAE is abbreviated to LEG.; MALVACEAE is abbreviated to MALV. 


A 


A 


belmoschus esculentus (L.) Moench. 
MALV.-MALVOIDEAE (okra), 
69, 383 

brus pectorius L. LEG.- 
PAPILIONOIDEAE, 224 


Acacia Mill. LEG.-MIMOSOIDEAE 


A. 


A 
A 

A 
A 
A 
A. 
A 
A 
A 
A 
A 


albida Delile = Faidherbia albida, 78, 79, 


94, 281, 289, 370 


. erioloba E.Meyer, 230 
. giraffae sensu auct. = A. erioloba, 230 
. laeta Benth., 78 
. leptocarpa Cunn. Ex Benth. (mangal), 
303, 304 
. mellifera (Vahl) Benth., 198, 
288, 290 


nigrescens Oliv., 280, 290 

. pallens Warb. = A. nigrescens 

. senegal (L.) Willd., 78 

. seyal Del., 78, 282 

. shirleyi Maiden, 330 

. tortilis (Forssk.) Hayne, 78, 278, 283 


453 


Adansonia L. MALV.-BOMBACOIDEAE, 
248-250, 311, 316 

Sect. Adansonia, 143, 168, 169, 179, 
183, 199, 250ff, 298, 315, 329, 
333, 391 

Sect. Brevituba, 143, 168, 169, 179, 199, 
250, 251, 255, 295, 296, 311, 
314, 316, 391 

Sect. Longituba, 143, 168, 169, 179, 183, 
199, 250, 253, 298, 315, 329, 
333, 391 

Sect. Pendentes nomen illegit 2 Sect. 
Adansonia, 250 


A. alba Jum. & H.Perrier — A. za, 76, 184, 


253, 260 
A. bahobab L. = A. digitata, 254 
A. baobab Gaertn. = A. digitata, 254 
A. bernieri Baill. ex Poiss. = A. 
madagascariensis, 24, 253, 259 


A. bozy Jum. & H.Perrier = A. za, 76, 253, 


260, 356 
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A. digitata L., xiv, xvi, xx, xxii, 
xxvi-xxvili, xxix, 1-21, 31-41, 
49—63, 67ff, 81], 101, 141—172, 
178-181, 187-202, 204—208, 
212-214, 216-217, 218—223, 
224—226, 228—231, 233, 237-241, 
242—244, 249—251, 253-263, 
264—271, 272—291, 311ff, 316-321, 
331], 338-355, 357ff, 368], 376ff 

var. congolensis A.Chev. = A. digitata, 

21, 253, 255 

A. fony Baill. ex H.Perrier nom. superfl. = 
A. rubrostipa, 253 

var. fony, 253, 258, 259 

A. fony Baill. var. rubrostipa (Jum. & 
H.Perrier) H. Perrier = A. 
rubrostipa, 253, 258, 259, 297 

A. fony sensu Miége nom. Baill. ex 
H.Perrier = A. perrieri, 199 

A. gibbosa (A. Cunn.) Guymer ex 
D.A.Baum = A. gregorii, 253 

A. grandidieri Baill., xiv, xxiii-xxviii, 23, 
24, 40, 63, 67 ff, 103 ff, 142, 152, 
153, 154, 161, 166, 168, 169, 
172-173, 179, 182—183, 187, 196, 
199, 209], 224, 232—234, 241, 
251, 271, 293ff, 314, 315, 322, 
333ff, 356, 371, 390ff 

A. gregorii F.Muell., xiii, xv, xvi, xix— 
xxii, xxvii, 27, 30, 41—47, 64—66, 
67ff, 82ff, 137—138, 141], 177—178, 
180, 183, 184—187, 190ff, 211—212, 
215-216, 218ff, 236, 241—242, 243, 
251, 253, 261—263, 271, 272, 300— 
306, 313ff, 322, 323-330, 333ff, 
357, 371, 376, 377, 388, 392 

A. intergrifolia Raf. 2 A. digitata, 253, 254 

A. madagascariensis Baill., xviii, 24, 64, 
67ff. 86ff, 105, 114ff, 137, 141, 152, 
158, 164ff, 179ff, 193, 196, 199, 
209ff, 233, 235, 241, 243, 252ff, 
271, 293, 299, 312ff, 323, 333, 334, 
356, 391, 392 

A. perrieri Capuron, 26, 115, 166, 175— 
176, 179, 183, 196, 199, 215, 232ff, 
252, 253, 255, 271, 293, 299, 290ff, 
312ff, 323, 333, 334, 356, 391, 392 

A. rubrostipa Jum. & H.Perrier, xvii, 
xxiv, 22, 23, 41, 63—64, 68, 73, 76, 
79, 91, 105, 114, 115, 119, 123, 
135, 137, 141, 153, 160, 162, 166, 
169, 174ff, 196ff, 209ff, 220, 224, 
231, 243, 249ff, 271, 293ff. 314, 
315, 323, 334/f, 356, 391, 392 
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A. rupestris Saville-Kent = A. gregorii, 
218, 253 


A. scutula Steud. = A. digitata, 253 

A. situla (Lour.) Spreng. = A. digitata, 253 

A. somalensis Chiov. = A. digitata, 21, 
253, 256 

A. sphaerocarpa A.Chev. = A. digitata, 
21,253 

A. stanburyana Hochr. = A. gregorii, 30, 
253, 262 


A. suarezensis H.Perrier, xxix, 25, 77, 
88, 91, 115, 119, 141, 166, 168, 
173-174, 179, 183, 196, 199, 
209, 210, 232, 234, 243, 251), 
271, 293ff, 322, 333, 356, 

391, 392 
sulcata A.Chev. = A. digitata, 21, 253 

. za Baill., xxv, 24, 68, 73, 76, 79, 86ff, 
105, 114ff, 135, 153, 162, 166, 
175ff, 184ff, 209ff, 219, 220, 224, 
231ff, 237, 241, 243, 252, 253, 
258ff, 271, 293ff, 323, 334, 356, 
358, 391, 392 

var. boinensis H.Perrier = A. za, 253, 
260 
var. bozy (Jum. & H.Perrier) H.Perrier 
= A. za, 253, 260 
Adenium Roem. & Schult. 
APOCYNACEAE, 140 
A. obesum (Forssk.) Roem. & 
Schult., 284 
Aesculus hippocastanum L. 
HIPPOCASTANACEAE 
(horse-chestnut), 8, 15 
Aframonum melegueta K.Schum. 
ZINGIBERACEAE (melagueta 
pepper), 95 
Albizia Durazz. LEG.-MIMOSOIDEAE 
A. anthelmintica Brongn., 288 
A. lebbek(L.)Benth., 221 
A. saman (Jacq.) F.Muell., 221 
Alluaudia (Drake) Drake DIDIEREACEAE, 
25, 322 
A. comosa Drake, 297 
A. procera Drake, 297 
Anacardium occidentale L. 
ANACARDIACEAE (cashew), 
284—285 
Anagyris foetida L. LEG.- 
PAPILIONOIDEAE, 9 
Andropogon L. GRAMINEAE, 285 
Annona L. ANNONACEAE, 9 
A. muricata L. (soursop, guanábana), 9, 
10, 254 
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Anogeissus (DC.) Wallich 
COMBRETACEAE, 281, 
282, 320 

A. leiocarpus (DC.) Guill. & Perr., 95, 98, 

319 

APOCYANACEAE, 140 

Arachis hypogaea L. LEG.- 
PAPILIONOIDEAE (groundnut, 
peanut), 380 

ASTERACEAE Martinov = COMPOSITAE, 140 

Astrebla F. Muell. GRAMINEAE (Mitchell 
grass), 305 


Baikiaea plurijuga Harms LEG.- 
CAESALPINIOIDEAE, 280 
Balanites Delile BALANITACEAE 
B. aegyptiaca (L.) Del., 78, 98, 282 
B. maughami Sprague, 207 
BATACEAE Mart. ex Meisn., 325 
Bauhinia L. LEG.-CAESALPINIOIDEAE 
B. cunninghamii (Benth.) Benth. 
(bauhinia), 236 
B. rufescens Lam., 94 
Berchemia discolor (Klotzsch) Hemsl. 
RHAMNACEAE, 433 
Boababus digitata (L.) Kuntze = Adansonia 
digitata MALV.- 
BOMBACOIDEAE, 254 
B. gregorii (Mueller) Kuntze = Adansonia 
gregorii, 253 
B. madagascariensis (Baill.) Kuntze = 
Adansonia madagascariensis, 253 
BOMBACACEAE Kunth = MALV.- 
BOMBACOIDEAE, 246 
Bombacopsis Pittier = Pachira MALV.- 
BOMBACOIDEAE, 183 
Bombax L. MALV.-BOMBACOIDEAE, 140, 
191, 312ff, 316, 369 
B. ceiba L., 140, 170, 314 
B. costatum Pellegr. & Vuillet, 316, 
369, 370 
B. malabaricum DC. = B. ceiba, 314 
Borassus aethiopum Mart. PALMAE, 99 
B. flabellifer L., 99, 270 
B. flabellifer sensu Baerts-Lehmann non 
L. = B. aethiopum 
Borreria verticillata (L.) G.Mey. = 
Spermacoce verticillata L. 
RUBIACEAE, 86 
Boschia Korth=Durio, 247 
Boscia Lam. 
B. coriacea Pax, 197, 198 
B. senegalensis (Pers.) Lam. ex Poir., 289 
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Boswellia Roxb. ex Colebr. BURSERACEAE, 
284 
Brachychiton Schott & Endl. MALV.- 
STERCULIOIDEAE, 140 
Brachystegia Benth. LEG.- 
CAESALPINIOIDEAE, 279, 306 
B. boemhii Taub., 287 
B. spiciformis Benth., 278 
Bulbine Wolf ASPHODELACEAE, 325 
BURSERACEAE, 140 


Caesia R.Br. ANTHERICACEAE, 
308, 325 

Cajanus cajan (L.) Millsp. LEG.- 
PAPILIONOIDEAE (pigeon pea), 
221 

Calotropis R.Br. ASCLEPIADACEAE, 17 

C. procera (Aiton) W.T.Aiton , 17 

CAMPANULACEAE, 140 

Camptostemon Mast. MALV.- 
BOMBACOIDEAE, 316 

Canavalia ensiformis (L.) DC. LEG.- 
PAPILIONOIDEAE (jackbean), 221 

Capparis L. CAPPARACEAE, 28, 29, 
42, 253 

C. gibbosa A. Cunn. = Adansonia 

gregorii MALV.- 
BOMBACOIDEAE, 18, 41, 253, 
261, 263 

Capsicum annuum L. SOLANACEAE, 
Grossum Group (red peppers), 225 

Carica papaya L. CARICACEAE (pawpaw), 
385 

Carissa lanceolata R.Br. APOCYHNACEAE 
(conkerberry), 224 

CASUARINACEAE R.Br., 325 

Catostemma Benth. MALV.- 
BOMBACOIDEAE, 313 

Cavanillesia Ruiz & Pav. MALV.- 
BOMBACOIDEAE, 140, 313 

Ceiba Mill. MALV.-BOMBACOIDEAE, 140 

C. pentandra (L.) Gaertn. (kapok, silk cotton 
tree), 75, 170, 282 

CHENOPODIACEAE Vent., 323 

Chiranthodendron Larrea. MALV.- 
BOMBACOIDEAE, 247 

Chloropora excelsa (Welw.) Benth. & Hook.f. = 
Milicia excelsa MORACEAE, 287 

Chorisia Kunth MALV.-BOMBACOIDEAE, 
169 

Chrozophora senegalensis (Lam.) A.Juss. ex 
Spreng. EUPHORBIACEAE, 94 

Chrysopogon Trin. GRAMINEAE, 283, 303 
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Cicer arietinum L. LEG.- 
PAPILIONOIDEAE (chick pea, 
gram), 221 
Cinchona officinalis L. RUBIACEAE 
(quinine), 89 
Citrullus colocynthis (L.) Schrad. 
CUCURBITACEAE, 103 
Citrus L. RUTACEAE , 11, 17 
Citrus aurantifolia (Christ.) Swingle (lime), 
95 
Cocculus leaeba Del. = C. pendulus 
MENISPERMACEAE 
C. pendulus (J.R. Forst. & G. Forst.) 
Diels, 99 
Cochlospermum Kunth 
COCHLOSPERMACEAE, 306 
C. angolense Welw, 230 
Coelostegia Benth. MALV.- 
?HELICTEROIDEAB), 247 
Cocos nucifera L. PALMAE, 270 
Cola Schott. & Endl. MALV.- 
STERCULIOIDEAE (kola), 53 
Colophospermum mopane Kirk ex J.Léonard 
LEG.-CAESALPINIOIDEAE, 
(mopane), 222, 230, 279 
Combretum Loefl. COMBRETACEAE, 
284, 289 
C. exalatum Engl., 198 
C. hartmannianum Schweinf., 282 
Commiphora Jacq. BURSERACEAE, 229, 
280, 283, 284, 288 
C. africana (A.Rich.) Engl., 78, 
99, 198 
C. boiviniana Engl., 198 
C. gileadensis (L.) C.Chr., 17 
C. guillaumini H.Perrier, 214 
COMPOSITAE Giseke, 323 
Corchorus L. MALV.-GREWIOIDEAE, 
(jute, manila hemp), 118 
Cordyla Lour. LEG.-PAPILIONOIDEAE, 280 
Cucumis sativus L. CUCURBITACEAE 
(cucumber), 8 
CUCURBITACEAE, 140 
Cullenia Wight MALV.- 
HELICTEROIDEAE, 247 
Cuminum cyminum L. UMBELLIFERAE 
(cumin), 88 
Cydonia C. oblonga Miller ROSACEAE 
(quince), 9 
Cynara scolymus L. COMPOSITAE (globe 
artichoke), 225 
Cyperus esculentus L. CYPERACEAE 
(tigernut), 393 


Taxonomic Indexes 


Cyphostemma (Planch.) Alston VITACEAE, 
140, 141 


Daniellia olivieri (Rolfe) Hutch. & Dalziel 
LEG.-CAESALPINIOIDEAE 
(copal gum), 118 

Datura metel L. SOLANACEAE, 86 

Delonix elata (L.) Gamble LEG.- 
CAESPALINIOIDEAE, 62, 283 

Dendrophthoé acacioides (Benth.) Tiegh 
LORANTHACEAE, 224 

Dendrosicyos Balf.f. CUCURBITACEAE, 
140 

Dichanthium Willemet GRAMINEAE, 303 

Dichrostachys cinerea (L.) Wight & Arn. 
LEG.-MIMOSOIDEAE, 79 

Didierea Baill. DIDIEREACEAE, 322 

D. madagascariensis Baill., 297 

DIDIEREACEAE Drake, 295, 322 

Digitaria exilis Stapf GRAMINEAE (acha, 
hungry rice), 72, 75, 96 

Dioscorea L. DIOSCOREACEAE 
(yam), 358 

Diospyros mespiliformis Hochst. ex A.DC. 
EBENACEAE, 53 

Dracaena Vand. ex L. 
CONVALLARIACEAE, 283 

Drypetes afzelii (Pax) Hutch. 
EUPHORBIACEAE, 337 

Durio Adans. MALV.-HELICTEROIDEAE, 
247 


Elaeis guineensis Jacq. PALMAE 
(African oil palm), 69, 120, 223, 
284, 286, 319, 358 

ELAEOCARPACEAE, 247 

Eleusine coracana (L.) Gaertn. 
GRAMINEAE (finger 
millet), 69 

Emelianthe panganensis (Engl.) Danser 
subsp. panganensis 
LORANTHACEAE, 223 

Enneapogon Desv. ex P. Beauv. 
GRAMINEAE (nineawn), 305 

Erianthemum dregei (Eckl. & Zeyh.) 
Tieghem LORANTHACEAE, 223 

Eriotheca Schott & Endl. MALV.- 
BOMBACOIDEAE, 169 

Eucalyptus L’ Hér. MYRTACEAE 
xxvi, 224, 304, 306, 323, 324 

E. brevifolia F Muell. (snappy gum), 

304, 305 


Taxonomic Indexes 


E. camaldulensis Dehnh. (river red gum), 
303, 305 

E. confertiflora F.Muell.(braod-leaved 
carbeen), 304 

E. dichromorphloa F.Muell.(bloodwood), 
305, 306 

E. grandifolia Benth. 304 

E. microtheca F.Muell. (coolibah), 303 

E. miniata A.Cunn. ex Schauer (Darwin 
woollybutt), 306 

E. papuana F.Muell.(ghost gum), 
224, 305 

E. pruinosa Schauer (silver box), 
305 

E. tectifica F. Muell.(Darwin box), 
303, 305 

E. tetradonta F.Muell. (Darwin 
stringybark), 306 

Euphorbia L. EUPHORBIACEAE, 283, 

295, 297 

E. conspicua N.E.Br., 230 


Faidherbia albida (Del.) A.Chev. LEG.- 
MIMOSOIDEAE, 79, 281, 289, 
369 
Ficus L. MORACEAE, 91, 223, 286, 303 
F. benghalensis L. (Indian banyan), 269 
F. carica L. (common fig), 8 
F. capensis Thunb. = F. sur, 95 
F. sur Forssk., 95 
F. sycomorus L. (mulberry fig or 
sycomore fig), 16, 270 
Flacourtia Comm. ех LV’ Hérit. 
FLACOURTIACEAE, 24 
Fouquieria Kunth FOUQUIERIACEAE, 
140 
Fremontodendron Coville MALV.- 
BOMBACOIDEAE, 247 


Gardenia erubescens Stapf & Hutch. 
RUBIACEAE, 53 

Givotia madagascariensis Baill. 
EUPHORBIACEAE, 141 

Glycene max (L.) Merr. LEG.- 
PAPILIONOIDEAE (soy or 
soyabean), 389 

Gnidia kraussiana Meisn. 
THYMELAEACEAE, 90 

Gossypium L. MALV.-MALVOIDEAE 
(cotton), 221 

GRAMINEAE Caruel, 323 
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Grevillea R.Br. ex J.Knight PROTEACEAE, 
224, 304 
Grewia L. MALV.-GREWIOIDEAE 
G. bicolor Juss., 198 
G. villosa Willd., 198 
Guiera senegalensis Gmel. 
COMBRETACEAE, 78, 98 


Hallea inermis (Willd. ANACARDIACEAE, 
286 
Haplocoelum inoploeum Radlk. 
SAPINDACEAE, 309 
Helianthus annuus L. COMPOSITAE, 120 
Helichrysum Miller COMPOSITAE, 325 
Helipterum DC. ex Lindl. = Helichrysum 
COMPOSITAE, 325 
Heteropogon Pers. GRAMINEAE, 284 
Hibbertia Andrews DILLENIACEAE, 308 
Hibiscus L. MALV.-MALVOIDEAE, 221, 
226 
H. tiliaceus L., 41 
Holarrhenia pubescens (Buch,-Ham.) G.Don 
APOCYNACEAE, 140 
Howea Becc. PALMAE, 334 
Hyparrhenia Andersson ex Fourn. 
GRAMINEAE, 285 
Hyphaene petersiana Mart. PALMAE, 230 
H. thebaica (L.) Mart., 363 
Н. ventricosa Kirk = Н. petersiana, 230 


Indigofera bracteolata DC. LEG.- 
PAPILIONOIDEAE, 95 

Iphigenia Kunth COLCHICACEAE, 325 

Tpomoea batatas (L.) Lam. 
CONVOLVULACEAE (sweet 
potato), 218 

Isoberlinia Craib & Stapfen Holland LEG.- 
CAESALPINIOIDEAE, 320 


Julbernardia Pellegr. LEG.- 
CAESALPINIOIDEAE, 279 
J. globiflora (Benth.) Troupin, 278 


Kalanchoe rotundifolia (Haw.) Haw. 
CRASSULACEAE, 105 
Keraudrenia J.Gay MALV.- 
BYTTNERIOIDEAE, 308 
Khaya A.Juss. MELIACEAE, 90, 282, 320 
K. senegalensis (Desr.) A.Juss., 89, 201 
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Kigelia africana (Lam.) Benth. 
BIGNONIACEAE, 72 
К. aethiopum (Fenzl) Dandy = 
K. africana, 72 
K. pinnata (Jacq.) DC. = K. africana 
Kirkia Oliv. SIMAROUBACEAE, 280 
Kostermansia Soegeng MALV.- 
?HELICTEROIDEAE, 247 


Lantana camara L. VERBENACEAE, 286 

Laurus nobilis L. LAURACEAE (laurel), 9 

Lawsonia inermis L. LYTHRACEAE 
(henna), 284 

LEGUMINOSAE, 140 

Leonotis microphylla Skan COMPOSITAE, 
105 

Leptadenia pyrotechnica (Forssk.) Decne. 
ASCLEPIADACEAE, 289 

Lodoicea maldivica (J.F.Gmel.) Pers. 
PALMAE (coco-de-mer), 328 

Loranthus mechowii sensu auct. non Engl. = 
Tapinanthus malacophyllus 

LORANTHACEAE, 223 

Lycopersicon esculentum Miller 
SOLANACEAE (tomato), 225 

Lysiphylum (Benth.) De Wit LEG- 
CAESALPINIOIDEAE, 303 

L. cunninghamii (Benth.) De Wit = Bauhinia 
cunninghamii, 236, 303 


Macrotyloma geocarpum (Harms) Maréchal 
& Baudet LEG.- 
PAPILIONOIDEAE (Kersting's 
groundnut), 75 

Maerua angolensis DC. CAPPARACEAE, 
289 

Malva L. MALV.-MALVOIDEAE, 192, 218, 
246, 247 

MALVACEAE Juss., 26, 194, 221, 228, 245ff, 
312, 316 

subfamily BOMBACOIDEAE Burnett 
tribe Adansonieae Benth., 139, 169, 
183, 195, 199, 218, 226, 231, 246ff, 
268, 308, 309, 312ff 
tribe Ochromeae Horan., 247 
subfamily BROWNLOWIOIDEAE Burret, 
246, 247 
subfamily BYTTNERIOIDEAE Burnett, 
247 
subfamily DOMBEYOIDEAE Beilschm., 
246, 247 
subfamily GREWIOIDEAE Hochr., 246 


Taxonomic Indexes 


subfamily HELICTEROIDEAE (Schott & 
Endl.) Meisn., 246, 247 
subfamily MALVOIDEAE Burnett, 192, 
218, 246ff, 316 
tribe Matisieae K.Schum., 247 
subfamily STERCULIOIDEAE Burnett, 
140, 218, 226, 247 
subfamily TILIOIDEAE Arn., 246, 316 
MALVALES, 199, 245-247 
/Bombacoideae clade, 247 
/Brownlowioideae clade, 247 
/Byttnerina clade, 246, 247 
/Byttneroideae clade, 246, 247 
/Dombeyoideae clade, 246, 247 
/Grewioideae clade, 246, 247 
/Helicteroideae clade, 246, 247 
/Malvadendrina clade, 246, 247 
/Malvatheca clade, 246, 247 
/Malvoideae clade, 247 
/Sterculioideae clade, 247 
/Tilioideae clade, 247 
Mangifera indica L. ANAC ARDIACEAE 
(mango), 285 
Manihot glaziovii Müll.Arg. 
EUPHORBIACEAE (Ceará 
rubber), 124 
Manilkara sulcata (Engl.) Dubard 
SAPOTACEAE, 207 
Matisia Bonpl. MALV.-MALVOIDEAE, 
247 
Melaleuca L. MYRTACEAE (paper-bark), 
45, 112, 304 
M. acacioides F.Muell., 303 
M. argentea W.Fitz.(cadjeput), 303 
M. minutifolia F.Muell., 304 
Mentha L. LABIATAE (mint), 88 
Milicia excelsa (Welw.) C.C.Berg 
MORACEAE, 287 
Mitracarpus scaber Zucc. = M. villosus 
RUBIACEAE 
M. villosus (Sw.) DC., 94 
Mitragyna inermis (Wild.) Kuntze 
RUBIACEAE, 98 
MORACEAE, 140 
Moringa drouhardii Jum. MORINGACEAE, 
141 
Mucuna pruriens (L.) DC. LEG.- 
PAPILIONOIDEAE (velvet bean), 
221 
Musa x paradisiaca L. MUSACEAE 
(plantain), 11 
M. textilis Née, 118 
Myrothamnus flabellifolia Welw. 
MYROTHAMNACEAE, 92 


Taxonomic Indexes 


Nauclea orientalis (L.)L. RUBIACEAE 
(Leichhardt pine),303 

Neesia Blume MALV.-?HELICTEROIDEAE, 
247 

Nothofagus Blume FAGACEAE, 
323-325 


Ochroma Sw. ?MALV.-BOMBACOIDEAE, 
247 

Olea europea L. subsp. cuspidata (Wall. ex 
DC.) Ciferri OLEACEAE (wild 
olive), 72 


O. chrysophylla Lam. = O. europea subsp. 


cuspidata, 72 
Ophelus sitularius Lour. = Adansonia 
digitata MALV.- 
BOMBACOIDEAE, 21, 233, 254 
Osyris lanceolata Hochst. & Steud. 
SANTALACEAE, 91 


Pachira Aubl. MALV.-BOMBACOIDEAE, 
183, 194 

Pachycormus discolor (Benth.) Coville ex 
Standley ANACARDIACEAE 
(elephant tree), 140, 353 

Pachypodium Lindl. APOCYNACEAE, 140, 
141 

Pandanus Parkinson PANDANACEAE 
(screw pine), 304 

Panicum kalaharense Mez GRAMINEAE, 
105 

Parkia biglobosa (Jacq.) Don LEG.- 
MIMOSOIDEAE, 69, 72, 370 

Pennisetum americanum (L.) Leeke = 
P. glaucum GRAMINEAE, 89 

P. glaucum (L.) R.Br. (bulrush millet), 69, 

89, 96, 221 

Phaseolus L. LEG.-PAPILIONOIDEAE, 
221 

Phoenix dactylifera L. PALMAE (date), 3 

Phragmotheca Cuartrec. MALV.- 
MALVOIDEAE, 247 

Phyllanthus emblica L. EUPHORBIACEAE 
(emblic), 88 

Piper longum L. PIPERACEAE (Indian long 
pepper), 88 

Plantago afra L. PLANTAGINACEAE 
(psillium), 13 

Plectranthus pungens (R.Br.) C.E. Hubbard 
GRAMINEAE, 303 

POLYGONACEAE, 109 
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Portulaca oleracea L. PORTULACACEAE 
(purslane), 30 

Prunus dulcis (Mill.) D. A. Webb ROSACEAE 
(almond), 357 

P. laurocerasus L. (cherry laurel), 15 

Pseudobombax Dugand MALV.- 
BOMBACOIDEAE, 191 

Pseudocedrela kotschyi (Schweinf.) Harms 
MELIACEAE, 89 

Pterocarpus lucens Guill. & Perr. subsp. 
antunesii (Taub.) Rojo, LEG.- 
PAPILIONOIDEAE, 78 

Patinoa Cuatres ? MALV.- 
BOMBACOIDEAE, 247 


Quararibea Aubl. MALV.-MALVOIDEAE, 
247 


Rauvolfia dichotoma K.Schum. 
APOCYANACEAE, 265 

Restio Rottb. RESTIONACEAE, 309 

RESTIONACEAE, 309 

Rhodanthe Lindl. COMPOSITAE, 325 

Rhodognaphalon (Ulbr.) Roberty = Bombax 
MALV.-BOMBACOIDEAE, 313, 
314 

Rhodognaphalopsis Robyns = Pachira 
MALV.-BOMBACOIDEAE, 194, 
313, 314 


Samanea saman (Jacqi) Merr. = Albizia 
saman LEG.-MIMOSOIDEAE, 
221, 309 

Schizachyrium Nees GRAMINEAE, 285 

Scleronema Benth. MALV.- 
BOMBACOIDEAE, 194, 313 

Scorodophloeus fischeri (Taub.) J.Léonard) 
LEG.-CAESALPINIOIDEAE, 207 

Securidaca longepedunculata Fresen. 
POLYGALACEAE, 89, 90, 95 

Solanum melongena L. SOLANACEAE 
(aubergine, egg plant), 225 

S. tuberosum L. (potato), 382 

Sorghum Moench. GRAMINEAE, 

303, 304 
S. bicolor (L.) Moench. (guinea corn, 

sorghum), 69, 73, 121, 221 

Spermacoce verticillata L. RUBIACEAE, 86 

Spinacia oleracea L. CHENOPODIACEAE 
(spinach), 382 
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Spinifex L. GRAMINEAE, 303 
Sporobolus R.Br. GRAMINEAE, 303 
Sterculia L. MALV.-STERCULIOIDEAE, 280 
S. appendiculata K.Schum., 89, 287 
S. quinqueloba (Garcke) K.Schum., 230 
S. rhynchocarpa K.Schum., 198 
S. setigera Del., 95, 96, 230, 282, 368 
S. stenocarpa H.Winkl., 89 
STERCULIACEAE (DC.) Bartl. = MALV.- 
STERCULIOIDEAE, 245-247 
Strophanthus DC. APOCYNACEAE, 95 
Strychnos spinoa Lam., LOGANIACEAE, 
286 
Swietenia senegalensis Desr. = Khaya 
senegalensis MELIACEAE, 89 
Syncarpa DC. COMPOSITAE, 325 
Syringa vulgaris L. OLEACEAE (syringa), 
15 


Tamarindus indica L. LEG.- 
CAESALPINIOIDEAE (tamarind), 
17, 64, 70, 87, 88, 282, 284, 357, 
365 

Tapinanthus malacophyllus (Engl. & 

K. Krause) Danser 
LORANTHACEAE, 223 
Taraxacum officinale Weber ex Wigg sensu 

lato COMPOSITAE (common 
dandelion), 337 
Tephrosia purpurea (L.) Pers. LEG.- 
PAPILIONOIDEAE, 89 
Terminalia L. COMBRETACEAE, 305, 306 
T. catappa L. (Barbados almond), 357 
T. ferdinandiana Exell, 387 
T. prunioides Laws., 230, 288 
T. spinosa Engl., 283 
T. platyphylla F.Muell. (wild plum), 236 
Theobroma cacao L. MALV.- 
STERCULIODEAE (cocoa), 221 


1.2 Fossil Angiosperms 


Bombacoxylon Kráusel 
MALV.-BOMBACOIDEAE, 316 
B. galetti Beauchamp & Lemoigne, 316 
B. owenii (Carruthers) Gottwald, 316 
Bombacacidites Couper MALV.- 
BOMBACOIDEAE, 312, 316 
B. bombaxoides Couper, 316 


Taxonomic Indexes 


TILIACEAE Juss. = MALV.-TILIOIDEAE, 
245—247 
TILIALES = MALV.-TILIOIDEAE, 247 
Tillandsia usneoides L. BROMELIACEAE 
(Spanish or Florida moss, old man’s 
beard), 223 
Trema guineensis (Schumach. & Thonn.) 
Ficalho = T. orientalis 
ULMACEAE, 265 
T. orientalis (L.) Blume, 265 
Triodia R.Br. GRAMINEAE, 305 
T. intermedia Cheel, 303 
T. wiseana C.A.Gardner, 303 
Triraphis R.Br. GRAMINEAE, 308 
Tulipa L. LILIACEAE (tulip), 15 


Vicia faba L. LEG.-PAPILIONOIDEAE 
(broad bean), 8 

Vigna subterranea (L.) Verdc. LEG.- 
PAPILIONOIDEAE (Bambara 
groundnut), 75 

Viscum L. VISCACEAE (mistletoe), 223, 224 

VITACEAE, 140 

Vitellaria paradoxa Gaertn. f. 
SAPOTACEAE (shea butter tree), 
91, 95, 100, 370 


Waltheria indica L. MALV.- 
STERCULIOIDEAE, 94 
Wurmbea Thunb. COLCHICACEAE, 325 


Ximenia americana L. OLACACEAE, 221 


Zea mays L. GRAMINEAE (maize), 221 
Ziziphus mauritiana Lam. RHAMNACEAE, 
78 


Camptostemon Mast. 
MALV.-MALVOIDEAE, 316 
Dombeyoxylon Schenk 
MALV.-STERCULIOIDEAE 
D. owenii sensu Koeniguer non 
(Carruthers) Kraüsel — 
Bombacoxlyn owenii, 316 


Taxonomic Indexes 


2 Gymnosperms 


ARAUCARIACEAE, 223 

Callitris columellaris F.Muell. 
CUPRESSACEAE, 305 

Podocarpus L’ Hér. ex Pers. 
PODOCARPACEAE, 323 


3 Fungi 


Antennulariella Woron ASCOMYCOTA 
(sooty mould), 225 

Aspergillus niger van Tiegh. 
ASCOMYCOTA, 85, 225 

Aureobasidium Viala & Boyer = Kabatiella 
ASCOMYCOTA, 225 

Botryodiplodia Sacc. ASCOMYCOTA, 225 

B. rhodina (Cooke) Arx = Lasiodiplodia 

theobromae, 225 

Botryosphaeria rhodina (Berk. & Curtis) 
Arx, teleomorph of Lasiodiplodia 
theobromae, 225 

Calonectria rigidiuscula (Berk. & Broome) 
Sacc. = Nectria rigidiuscula 
ASCOMYCOTA, 221 

Candida albicans (C.P.Robin) Berkhout 
ASCOMYCOTA, 85 

Coriolopsis strumosa (Fr.) Ryvarden 
BASIDIOMYCOTA, 224 

Cryptococcus neoformans (Sanfelice) Vuill. 
ASCOMYCOTA, 85 

Daldinia concentrica (Bolton) Ces. & De 
Not. ASCOMYCOTA, 224 

Diplodia natalensis Pole-Evans telemorph of 
Lasiodiplodia theobromae, 225 

Epidermophyton floccosum (Harz) Langeron 
& Miloch ASCOMYCOTA, 85 

Fusarium Link ASCOMYCOTA, 225 

Glomus Tul. & C.Tul. ZYGOMYCOTA, 
163, 333 

Kabatiella Bubák ASCOMYCOTA, 225 

Lasiodiplodia theobromae (Pat.) Griffon & 
Maubl. ASCOMYCOTA, 225 

Lentinus Fr. BASIDIOMYCOTA, 224 

Leveillula taurica (Lév.) G.Arnaud 
ASCOMYCOTA (powdery 
mildew), 225 

Microsporum canis E.Bodin ex Guég. 
ASCOMYCOTA, 85, 323 
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Welwitschia bainsii (Welw.) Carriére = W. 
mirabilis WELWITSCHIACEAE, 
134 
W. mirabilis Hook. f., 134, 288 


Nectria rigidiuscula Berk. & Broome 
ASCOMYCOTA 
Nematospora Peglion ASCOMYCOTA, 
219 
Neurospora crassa Shear & B.O.Dodge 
ASCOMYCOTA 
Penicillium crustosum Thom = P. solitum var. 
crustosum ASCOMYCOTA, 85 
P. solitum Westling var. crustosum (Thom) 
Bridge, D.Hawksw., Kozak, 
Onions, R.R.M. Paterson & 
Sackin, 85 
Phyllosticta Pers. ASCOMYCOTA (leaf 
blight), 225 
Polystictus luteo-olivaceus (Berk. & Broome) 
Cooke = Coriolopsis strumosa 
BASIDIOMYCOTA, 224 
Rhizopus Ehrenb. ZYGOMYCOTA, 
388 
R. oligosporus Salto, 388 
Roccella tinctoria DC. ASCOMYCOTA 
Saccharomyces cerevisiae Meyen ex Hansen 
ASCOMYCOTA, 85 
Trametes socrotrna Cooke 
BASIDIOMYCOTA, 224 
Trichophyton mentagrophytes (C.P.Robin) 
R.Blanch. ASCOMYCOTA, 85 
T. rubrum (Castell.) Sabour., 85 
Volvaria Quél. = Volvariella 
BASIDIOMYCOTA, 224 
V esculenta Massee = Volvariella 
esculenta, 224 
V. volvacea (Bull.) Fr. = Volvariella 
volvaceae, 224 
Volvariella Speg. BASIDIOMYCOTA, 
224 
V. esculenta (Massee) Singer, 224 
V. volvacea (Bull. ex Fr.) Singer & Wasser 
(paddy straw mushroom), 224 
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4 Animals 


4.1 Mammals 


Aepyceros melampus (Lichtenstein) 
(impala), 208 
Ammotragus lervia (Pallas) (Barbary sheep), 
32 
Artibeus jamaicensis Leach (Jamaican fruit- 
eating bat), 172, 208 
Bos indicus L. = B. taurus 
B. taurus L. (zebu cattle), 79, 105, 231 
Camelus dromedarius L. (camel), 32 
Capra hircus L. (domesticated goat), 231 
Cardiodertma cor (Peters) (heart-nosed or 
African false vampire bat), 207 
Cercopithecus albogularis Sykes (Sykes’s 
monkey), 207 
C. mitis Wolf subsp. labiatus I. Geoffroy 
(samango monkey), 180 
CERVIDAE (deer), 208 
Cheirogaleus medius E.Geoffroy (fat-tailed 
dwarf lemur), xxiv, 172, 175, 209 
Chlorocebus aethiops L. (vervet or grivet 
monkey), 207 
C. subaeus (L.) (green monkey), 207 
Colobus angolensis palliates Peters 
(Tanzanian black colobus monkey), 
207 
Cryptoprocta ferox Bennett (fossa), 211 
Cynopterus sphinx Vahl (greater short-nosed 
bat), 171 
Diceros bicornis L. (black rhino), 208 
Eidolon dupreanum Schlegal (Malagascar 
straw-coloured fruit bat), 173, 
174, 210 
E. helvum Kerr (straw-coloured fruit bat), 
169-170 
subsp. helvum, 169 
subsp. sabaeum Andersen, 169 
Eliurus myoxinus Milne-Edwards (western 
tuft-tailed rat), 211 
Epomorphus Bennet, 207 
E. crypturus (Peters) (Peters’s epauletted 
fruit bat), 207 
E. gambianus (Oligby) (Gambian 
epauletted fruit bat), 170, 207 
subsp. crypturus Peters , 170 
subsp. gambiensis (Gambian 
epauletted fruit bat), 207 
E. wahlbergi Sundevall (Wahlberg’s 
epauletted fruit bat), 207 


Taxonomic Indexes 


Eulemur coronatus (Gray) (crowned lemur), 
209 
E. fulvus E.Geoffroy (brown lemur), 
182, 210 
GALAGONIDAE Gray (bushbabies), 171 
Galago crassicaudatus E.Geoffroy = 
Otolemur crassicaudatus (greater 
bushbaby), 171 
G. senegalensis E.Geoffroy (West African 
lesser bushbaby), 78, 98 
Genetta C.Cuvier (genets), 208 
Giraffa camelopardalis (L.) (giraffe), 208 
Glossophaga E.Geoffroy (bat), 177 
Hipposideros caffer (Sundevall) (leaf-nosed 
bat), 207 
Hyaena hyaena (L.) (striped hyaena), 208 
Hypogeomys antimena A.Grandidier (giant 
jumping rat), 211 
HYSTRICIDAE G.Fischer (porcupine), 208 
Hystrix africaeaustralis Peters (Cape or 
crested porcupine), 208 
H. cristata L. (North African crested 
porcupine), 208 
Lasiurus cinereus semotus H. Allen 
(Hawaiian hoary bat), 172 
Lemur coronatus Guy = Eulemur coronatus, 
209 
Lepilemur ruficaudatis Grandidier 
(red-tailed sportive lemur), 210 
Loxodonta africana (Blumenbach) (African 
elephant), 179, 204 
Macroglossus F.Cuvier (blossom bat), 177 
M. minimus Geoffroy, 172 
subsp. pygmaeus Andersen, 177 
Macropus agilis Gould (agile wallaby), 185 
M. robustus Gould (common wallaroo or 
euro), 186 
M. rufus Desmarest (red kangaroo), 185 
MEGACHIROPTERA Dobson (megabats), 
167, 169 
Mellivora capensis (Schreber) (honey badger, 
ratel), 119, 208 
Microcebus coquereli (A.Grandidier) = Mirza 
coquereli 
M. murinus (J.F. Miller) (grey dwarf 
lemur), 209 
Micropteropus pusillis Peters (Peters’s dwarf 
epauletted fruit bat), 170, 207 


Taxonomic Indexes 


Mirza coquereli Gray (Coquerel’s dwarf 
[mouse] lemur), 173, 209, 334 
MURIDAE Illiger (rats and mice), 211 
subfamily MURINAE Illiger (Old World 
rats and mice), 211 
subfamily NESOMYINAE Major 
(Madagascan rats and mice), 211 
Nanonycteris veldkampii Jentink (Veldkamp’s 
dwarf epauletted bat), 170 
Orycteropus afer (Pallas) (ant-bear or 
aardvark), 77 
Otolemur crassicaudatus (E.Geofroy) 
(greater bushbaby), 171, 208 
Pan troglodytes (Blumenbach) (common 
chimpanzee), 179, 206 
Panthera pardus (L.) (leopard), 208 
Papio Endeben (baboons), 179, 182, 206 
Paraxerus Forsyth Major (bush squirrels), 208 
Petrogale Gray (rock wallabies), 186, 211 
P. brachyotis Gould (short-eared rock 
wallaby), 186 
PHALANGERIDAE Thomas (possums), 129 
Phaner furcifer Blainville (fork-markeded 
lemur), xxvii, 172, 173, 209 
P. furcifer electromontis Groves & 
Tattersall (amber mountain fork- 
marked lemur), 174, 209 
P. furcifer pallescens Groves & Tattersall 
(pale fork-marked lemur), xxv, 175, 
177, 209 
Potamochoerus larvatus F.Cuvier (potamochere 
or bush pig), 182, 208, 211, 292 
Propithecus Endeben (leaf-eating lemur), 
177, 209 
P. verreauxi A.Grandidier (Verreaux's 
sifaka), 177, 210 
PTEROPODIDAE (fruit bats), 167, 169, 212, 324 


4.2 Fossil mammals 


Hadropithecus (lemur), 291 
Hippopotamus amphibious standini Monnier 
& Lamberton = H. laloumena, 292 


4.3 Birds 


Aegotheles cristatus Shaw (Australian owlet- 
nightjar), 66, 216 

Agapornis canus (Gmelin) (grey-headed 
lovebird), 214 
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Pteropus Brisson (megabats), 167, 207 
P. rufus Geoffroy (Malagasar flying fox or 
fruit bat, or fanihy), 174, 210 
P. seychellensis Milne-Edwards subsp. 
comorensis Nicoll (Comoros lesser 
flying fox), 172, 176, 210 
P. voeltzkowi Matschie (Pemba fruit bat), 
207 
Rattus norvegicus (Berkenhout) (brown rat) 
R. rattus L. (black or house rat), 211 
RODENTIA Bowdiche (rodents), 208 
Rousettus Gray (megabats), 167, 170 
R. egyptiacus Geoffroy (dog bat or Egyptian 
rousette bat), 170, 171, 207 
subsp. aegyptiacus (Egyptian 
rousette), 170 
subsp. arabicus Anderson (Arabian 
rousette bat), 170 
subsp. leachii Smith (Cape rousette bat), 
170 
subsp. unicolor Gray (West African 
rousette bat), 170 
R. leschenaulti Desmarest (Leschenault's 
rousette bat), 171, 208 
R. madagascariensis Grandidier 
(Malagascar rousette bat), 210 
Tachyglossus aculeatus Shaw (echidna, spiny 
anteater), 129 
Taurotragus oryx (Pallas) (kudu), 179, 208 
Thallomys Thomas (acacia rats), 208 
Tragelaphus angasi Gray (nyala), 208 
T. strepsiceros (Pallas) (kudu), 208 
VESPERTILIONIDAE (evening bats), 172 
Wyulda squamicaudata Alexander (scaly- 
tailed possum), 211 
Xerus Hemprich & Ehrenberg (African 
ground squirrels), 208 


H. laloumena Faure & Guérin 
(hippopotamus), 292 
H. lemerlei A. Grandidier, 292 


A. fischeri Reichenow (Fischer’s 
lovebird), 212 

A. personata Reichenow (yellow-collard 
lovebird), 212 
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ALCEDINIDAE (kingfishers), 212 
Anaplectes rubriceps (Sundevall) (red- 
headed weaver), 213 
Aptenodytes patagonicus Miller (king 
penguin), 329 
Apus Scopali (swifts), 212 
Aquila audax Latham (wedge-tailed eagle), 
66 
A. wahlbergi Sundevall (Wahlberg's 
eagle), 212 
Ardea naveliohollandiiae Latham 
(white-faced heron), 216 
Asio madagascariensis (A.Smith) 
(Madagascar long-eared owl), 214 
Bubalornis albirostris (Vieillot) 
(buffalo-weaver), 213 
B. niger A.Smith (red-billed 
buffalo-weaver), 213 
Bubo lacteus (Temminck) (giant, milky or 
Verreaux's eagle owl), 212 
Bucorvus leadbeateri (Vigors) (southern 
ground hornbill), 213 
BUCEROTIDAE (hornbills), 212 
Buteo brachypterus Hartlaub (Madagascar 
buzzard), 214 
Cacatua sanguinea Gould (little corella, 
‘white’ cockatoo), 216 
Calyptorhynchus banksii (Latham) 
(red-tailed black cockatoo), 64 
CAPITONORIDAE (barbets), 212 
Certhionyx pectoralis Gould (banded 
honey-eaters), 178 
Circaetus cinereus Vieillot (brown 
harrier eagle, brown snake eagle), 
212 
C. pectoralis Smith (black-chested snake 
eagle), 212 
Coracopsis nigra L. (Greater Vasa parrot), 
214 
C. vasa Shaw (Lesser Vasa parrot), 214 
CORACIIDAE (rollers), 212, 215 
CORVIDAE (crows), 214 
Corvus albus Müller (pied crow), 215 
C. orru Bonaparte (Australian crow), 215 
Cosmopsarus unicolor Shelley (ashy 
starling), 212 
Cuculus canorus L. (cuckoo), 214 
Dicrurus L. (drongo), 214 
D. adsimilis Bechstein (forked-tailed 
drongo), 213 
D. forficatus (L.) (crested drongo), 215 
Dinemellia dinemelli (Ruppell) (white- 
headed buffalo weaver), 213 


Taxonomic Indexes 


Eurostopodus argus Harlet (spotted nightjar), 
66 
Eurystomus glaucurus (Müller) (broad-billed 
roller), 215 
Falco cenchroides Vigors & Horsfield 
(Nankeen kestrel), 216 
F. concolor Temminck (sooty falcon), 215 
F. newtoni (Gurney) (Malagascar kestel), 
214 
F. zoniventris Peters (banded kestrel), 214 
Falculea palliata Geoffroy St.-Hilaire (sickle- 
billed vanga), 214, 215 
Gracula religiosa L. (myna), 214 
Grallina cyanoleuca Latham (magpie lark), 
215 
Grus rubicunda Perry (brolga, Australian 
crane), 66 
Haliaeetus vociferoides Desmurs 
(Madagascar fish eagle), 214 
Hamirostra melanosternon (Gould) 
(black-breasted buzzard), 216 
Hirundo senegalensis L. (mosque swallow), 
213 
Indicator indicator (Sparrman) (greater 
honey-guide), 60, 213 
Lamprotornus superbus Ruppell (superb 
starling), 213 
Leptoptilos crumeniferus (Lesson) (Marabou 
stork), 212 
Leptosomus discolor (Hermann) (cuckoo 
roller), 215 
Lichenostomus plumulosous Gould 
(grey-fronted honey-eater), 178 
L. virescens Vieillot (singing 
honey-eater), 178 
Lichmera indistincta Vigors & Horsfield 
(brown honey-eater), 178 
Manorinia flavigula Gould (yellow-throated 
miner), 178 
MEGAPOIDES (jungle fowl), 324 
MELIPHAGIDAE (honey-eaters), 178, 216 
Merops L. (bee-eaters), 213 
Milvus migrans (Boddaert) (forked-tail or 
black kite), 215, 216 
Neafrapus boehmi (Schalow) (Boehm's 
spinetail), 213 
Nectarinia notata Müller (Malagascar green 
sunbird), 173, 175, 215 
N. souimanga Gmelin (Souimanga 
sunbird), 173, 176, 215 
NECTARINIIDAE (sunbirds), 214, 215 
Ninox Hodgson (owls), 65 
ORIOLIDAE (orioles), 214 


Taxonomic Indexes 


Otus rutilus (Pucheran) (Malagascar scops 


owl), 214 

Pandion haliaetus (L.) (osprey or sea eagle), 
216 

P. leucocephalus Gould. = Pandion haliaetus, 
216 


Pelecanus onocratalus L. (great white or rosy 
pelican), 212 
Philemon citreogularis Gould (little 
friarbird), 178 
PLOCEIDAE (weavers), 215 
Ploceus nelicourvi (Scopoli) (Nelicourvi 
weaver), 215 
P. sakalava Hartlaub (Sakalava weaver), 
215 
Poicephalus fuscicollis-suahelicus 
(Reichenow) (greyheaded parrot), 
212 
P. meyeri (Cretzschmar) (brown or 
Meyer's parrot), 213 
P. rufiventris (Ruppell) (orange-bellied 
parrot), 212 
Polyboroides radiatus (Scopoli) (harrier 
hawk), 214 
Polihierax semitorquatus (A.Smith) (pygmy 
falcon), 213 
Pomatostomus temporalis Vigors & 
Horsfield (grey-crowned babbler), 
215 
PSITTACIDAE (parrots and lovebirds), 212 


4.4 Fossil birds 


Aepyornis (elephant birds), 188, 277, 292, 329 
A. maximus Geoffroy, 182, 329 
Archaeolemur (sloth lemur), 227, 291 


4.5 Fishes 


Neoceratodus forsteri (Krefft) (Australian 
lungfish), 68 


4.6 Reptiles 


Acrantophis madagascariensis (Duméril & 
Bibron) (Madagascan ground boa), 
217 

Aspidites melanocephalus Krefft (black- 
headed python), 65 
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Sagittarius serpentarius Miller (secretary 
bird), 212 

Schetba rufa (L.) (rufous vanga), 215 

Scopus umbretta Gmelin (hammerkop), 212 

Serinus mozambicus (Miiller) (yellow- 
fronted canary), 213 

Sturnus vulgaris L. (starling), 15, 214 

Taeniopygia guttata Vieillot (zebra finch), 216 

Tauraco eythrolophus (Viellot) (red-crested 
touraco), 212 

Telacanthura ussheri stictilaema 
(Reichenow) (mottled or mottle- 
throated spinetail), 213, 230 

Terathopius ecaudatus (Daudin) (bateleur 
hawk), 212 

Tockus erythrorhynchus (Teminck) (red- 
billed hornbill), 212 

T. flavirostris (Ruppell) (yellow-billed 

hornbill), 212 

Trichoglossus rubritorquis Vignors & 
Horsfield (red-collared lorikeets), 
178 

Treron australis (L.) (Malagascar green 
pigeon), 215 

Tyto alba (Scopoli) (barn owl), 212, 214 

Upupa epops (L.) (hoopoe), 215 

Vanga curvirostris (L.) (hook-billed vanga), 
215 

Zosterops lutea Gould (yellow white-eyes), 
215 


DROMORNITHIDAE (mihirungs), 185 
Stephanoaetus mahery Goodman (crowned 
eagle), 182 


Scleropages leichardtii Gunther (spotted 
bonytongue), 68 


Chamaeleo dilepis Leach (flap-necked 
chameleon), 217 

Dendroaspis Schleged (mamba), 108, 216 

Dispholidus typus (A.Smith) (boomslang), 
216 
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Gecko Laurenti (Gekkonidae), 217 

Hemidactylus platycephalus (Peters) 
(Baobab gecko), 217 

Micrelaps boettgeri Boulenger = M. vaillanti 

M. vaillanti Mocquard (desert black- 

headed snake), 216 

Naja haje Merrem (Egyptian cobra), 216 

Pseudechis australis (Gray) (king brown or 
mulga snake), 65 


4.7 Amphibians 


Heleioporus psammophilus Lee & Main 
(sand frog), 66 


4.8 Arthropods 


Adansonia sensu Bonnet nomen nudum = 

Theridium, 218 
A. rupestris sensu Bonnet non Saville- 

Kent, nomen ambiguum, 218 

Agrius convolvuli L. (hawk moth), xxvi, 178 

Analeptes trifasciata Fabricius (longhorn 
beetle), 221 

Anepisceptus horridus (Burm.) (long-horned 
grasshopper), 219 

Apis mellifera L. (honey bee), 60, 173, 178 

A. mellifera unicolor Latr. (African bee), 

60, 222 

ARACHNIDA (spiders), 218 

ARANEIDAE (orb-weaving spiders), 218 

Bemisia tabaci (Gennadius) (white fly), 226 

Cerambyx L. (capricorn beetle), 221 

Ceratitis capitata (Wiedemann) 
(Mediterranean fruit fly), 222 

Ceresium minor Blackburn (beetle), 
178, 222 

Cherax quadricarinatus (Martens) (red claw 
crayfish), 68 

CHILOPODA (centipedes), 219 

Coelonia brevis Rothschild & Jordan (short- 
tongued hawk moth), xxv, 176, 222 

Coelonia solanii (Boisduval) (long-tongued 
hawk moth), 174, 176, 222 

COLEOPTERA (beetles), 220 

Crematogaster striatula Emery (ant), 226 

CULICIDAE (mosquitoes), 222 

Cyclops Muller (water fleas), 91 

Diparopsis castanea Hampson (Sudan 
bollworm), 172, 221 


Taxonomic Indexes 


Python Daudin (python), 216 

Sanzinia madagascariensis (Duméril & 
Bibron) (Madagascan tree boa), 
217 

SCINCIDAE (skinks), 217 

TESTUDINAE (land tortoise), 217 

VARANIDAE (goanna, monitor lizard), 217 

Varanus Merrem, 217 

V. niloticus (L.) (Nile monitor lizard), 217 


Litoria coerulea White (green tree frog), 
217 


DIPTERA (true flies), 222 
Distantiella theobroma (Dist.) (cocoa 
capsid), 221 
Dysdercus fasciatus Signoret, 219, 220 
D. flavidus Signoret, 220 
D. nigrofasciatus Stal, 220 
D. superstitiosus Fabricius, 219 
Dysmicoccus brevipes (Cockerell) 
(mealybug), 226 
Earias Lep. (bollworms), 222 
E. biplaga Walker (spiny bollworm), 
172, 221 
E. huegeliana Gaede (rough bollworm), 
221 
E. perhuegeli Holloway, 221 
EMBIOPTERA (web spinners), 219 
Ferrisia virgata (Ckll.) (mealybug), 226 
Gonimbrasia berlina Westwood (emperor 
moth, mopane moth, mopane 
worm), 222 
HALICTIDAE (sweat bees), 222 
Heliothis armigera Hubn. (cotton bollworm, 
corn ear-worm, gram caterpillar), 
172; 221 
HYMENOPTERA (ants, bees and wasps), 
172, 222 
Hypotrigona Cockerell (sweat bees), 222 
ISOPTERA (termites), 219 
LEPIDOPTERA (butterflies and moths), 
221, 222 
Lophostethus dumolini Angas (arrow sphinx, 
prisoner sphinx ), 221 
Mantidae (praying mantis), 219 


Taxonomic Indexes 


Melipona Illger (sweat bees), 222 

Meranoplus magrettii André (ant), 222 

Mussidia nigrivenella Ragonot (ear borer), 221 

Neodysdercus intermedius Dist. (cotton 
stainer), 219 

Nephele comma Hopffer (hawk moth), xxiii, 
173; 222 

Odontomachus Latreille (ants), 222 

Odontopus exsanguinis (Gerstácker) 
(cotton-stainers), 219 

O. sexpunctatus Laporte, 219 

ORTHOPTERA (grasshoppers, crickets and 
allies), 219, 370 

Oxycarenus albipennis (Fallén) (cotton- 
stainer), 219 

Panogena jasmini (Boisduval) (hawk moth), 
176, 222 

Planococcoides njalensis Laing (mealybug), 
226 

PHASMIDA (stick insects), 219 

Phonoctonus lutescens Guerin-Meneville & 
Percheron (assassin-bug), 220 

Plenococcus Schmutterer (mealybugs), 226 

Podagrica Chevrolat (flea beetles), 220, 226 

P. puncticollis Weise, 220 
PSEUDOCOCCOIDAE (mealybugs), 226 


4.9 Echinoderms 


Holothuria L. (sea cucumbers or slugs, 
trepangs), 27, 42 


4.10 Molluscs 


Adansonia Pallary, 263 
Chauvetia Monterosato (buccinid snail), 
263 


4.11 Nematodes 


Dracunculus medinensis L. (guinea-worm 
nematode), 91 
Meloidogyne (root-knot nematode), 218 
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Pseudococcus longispinus (Targoni Tozzetti) 

(long-tailed mealy bug), 226 
P. njalensis Laing (cocoa mealybug), 226 

PSYCHIDAE (mason moth), 222 

Rastrococcus iceryoides (Green) (mango 
mealybug), 221, 226 

Sahlberella singularis Hagl (cocoa capsid), 221 

Salagena Walker (wood-boring moths), 221 

SCARABAEIDAE (scarab beetles), 221 

Schistocerca gregaria (Forssk.) (desert 
locust), 370 

Sitophilus zeamais Motsch. (maize weavil), 122 

SPHINGIDAE (hawk moths), 168, 169, 222 

Stigmodera rufolimbata (Carter) (jewel 
beetle), 221 

Tectocoris diophthalmus (Thunberg) (cotton 
harlequin bug), 221 

Tetraponera Smith (ant), 222 

THERIDIIDAE (theridiid spiders), 263 

Theridium (theridiid spider), 218 

Trigona Jurine (stingless or sweat bees), 
173, 222 

Xanthopan morgani (Walker) (sphinx moth), 
175, 222 

Zonocerus variegarus L. (elegant 
grasshopper), 219 


Donovania Bucquoy Dautzenberg & Dollfus 
subgen. Adansonia Pallary = 
Chauvetia, 263 


M. incognita (Kofoid & White) Chitwood, 218 
Rotylenchulus reniformis Linf. & Oliv. 
(reniform nematode), 218 
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4.12 Protozoa 


Entamoeba histolytica Schaudin 
(amoebic dysentery protozoa), 
85 

Plasmodium falciparum Welch (malarial 
sporozoa), 84 


5 Bacteria 


Bacillus Cohn, 388 
B. subtilis (Erhrenberg) Cohn., 85 
Escherichia coli (Migula) Castellani & 
Chalmers, 85 
Klebsiella pneumoniae (Schroeter) Trevisan, 
85 
Lactobacillus acidophilus Johnson, Phelp, 
Cummins, London & Gasser, 389 
L. casei (Orla-Jenson) Hansen & Lessel, 389 
L. fermentatum Beijerinck, 389 
L. plantarum (Orla-Jensen) Berger, 
Harrison, Breed, Hammer 
& Huntoon, 389 
Lactococcus lactis (Lister) Schleifer, Kraus, 
Dvorak, Kilpper-Balz, Collins & 
Fischer, 389 


Taxonomic Indexes 


Trypanosoma brucei brucei Plimmer & 
Bradford (sleeping sickness 
protozoa), 82 

T. congolense Plimmer & Bradford (African 
bovine trypanosomosis protozoa), 82 


Mycobacterium leprae (Hansen) Lehmann & 
Neumann, 85 
M. phlei Lehmann & Neumann, 85 
Pseudomonas aeruginosa (Schroeter) 
Migula, 85 
Salmonella Lignieres, 85, 388 
S. typhi (Schroeter) Warren & Scott = 
Salmonella enterica subsp. 
enterica, 85 
S. typhimurium (Loeffler) Castellani & 
Chalmers, 85 
S. enterica (ex Kauffman & Edwards) 
Le Miner & Popoff , 85 
Staphylococcus aureus Rosenbach, 85 
Streptococcus Rosenbach, 85, 388 
S. faecalis Andrewes & Horder, 85 
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Quissama National Park (9°59’S 14?29' E), 
143 
Santo António (6°12’S 12?23' E), 284, 285 
Serra da Chela, mountains (14?16'S 
13?25' B), 285 
Antarctica, 308—313, 316, 324, 325, 421 
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Arabia, 140, 169—171, 207, 267, 269, 270, 
272, 273, 282, 283 
Argentina, 172 
Asia, 17, 20, 171, 215, 221, 222, 291, 
308 —310, 312, 313, 314, 325, 
363, 364 
Asia Minor, 17 
Asia, Southeast, 20, 308, 313 
Atlantic Ocean, 266, 278, 284, 288, 289, 
318, 319, 358 
Rio Grande Rise (c. 20°S 20°W), 309 
Sierra Leone Ridge (c. 15?N 22?W), 309 
Walvis Ridge (c. 30°S 0°), 309 
Australia, 26—30, 41-48, 64-66, 71, 80, 82, 
91, 94, 97, 101, 102, 106, 109ff. 
119, 127, 130, 139, 140, 159, 166, 
177, 180, 185, 219, 221, 222, 236, 
249, 251, 271, 272, 300ff, 323-330, 
357, 367, 370, 371, 394 
Austria, Vienna (48°13’N 16?22'E), 2, 14, 
15, 20 


B 
Bangladesh 
Dacca [Dhaka] (23°42’N 90?22' E), 270 
Bay of Bengal (c. 20°N 90°E), 326 
Belgium 
Antwerpen [Antwerp] (51°13’N 04?25' B), 
15 
Mechelen [Malines] (15°02N 04?29' B), 15 
Belgium Congo, 136 
Benin, Bight/Gulf of, 274, 320 
Benin, 5/7, 86/7; 93ff, 180, 181, 196, 281, 285, 
339, 343—344, 348, 359, 360, 369 
Bassila (09*01" N 01?06 E), 281 
Boukoumbé (10°13’N 01?09' B), 370 
Bolivia, 172 
Borneo, 316, 366 
Botswana, 35, 50, 60, 72, 102, 105, 106, 
209, 127, 132, 133, 137, 157, 
159, 171, 229, 266, 287, 346—347, 
361, 362 
Bergfontein. See Nokane Spring 
Big Tree (20?29'S 49?30' B), 33, 36, 50, 
65, 132, 213, 225 
Chobe [Linyanti] River (c. 18°00’S 
24?15' B), 135 
Gautscha Pan (19?48' S 20°34’E), 287 
Gewihaba Hills [Koobie, Quaebie] 
(20°38’S 23?05' E), 132, 133 
Ghanzi (21°34’S 21°42’B), 287 
Gootsa Pan (25°11°5 20?29' E), 151, 160 
Gweta (20? 11' S 25? 14" E), 35, 230 
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Kalahari Desert (c. 23?S 23°E), 36 
Kasane (17°50’S 25?05' E), 109, 
160, 230 
Kavimba (18°08’S 24°38’E), 109 
Khubu Island (c. 20°40’S 26°30’E), 288 
Koobie. See Gewihaba 
Kudiakam Pan (20°10’S 24°45’E), 132 
Kunyara [Kounyara] (20°02’S 25?32" B), 
132, 133 
Lake Ngami [Gnami] (c. 21°30’S 23?30' E, 
35, 131, 132, 148 
Leshulatebis (n.1.), 131 
Linyanti River. See Chobe River 
Mahalapye (23°05’S 26°5 ГЕ), 
229, 230 
Makgadikgadi Pans [Makarikari Pan] 
(c. 20°45’S 25?30' E), 147, 
214, 288 
Marma Kahuwé [Mamoukuwe, 
Mamu-ka-koorie] (c. 20°53’S 
23?30' E), 132, 133 
Mosu (21°11’S 26?00' E), 230 
Mpandamatanga [Panda-ma-Tenga] 
(18?32' S 25?40' E), 35 
Nokane Spring [Bergfontein] (25°56’S 
23°45’E), 147 
Ntwetwe Pan (20?35' S 25?30' BE), 
35, 151 
Nxai Pan (19?45' S 24*50' E), 
132, 287 
Okavanga Delta (c. 19°30’S 23?00' E), 288 
Orapa (21?17' S 25?20' E), 288, 398 
Panda-ma-Tenga. See Mpandamatanga 
Quaebie. See Gewihaba Hills 
Shashe River (c. 21?30' S 28?00' E), 127 
Sibuyu Pan (18°19’S 25?59" E), 35 
Sua Pan (20°03’S 26?12' E), 288 
Tsagobia [Tsagobiana] (20?03' S 25?48' E), 
35 
Brazil, 271, 334 
Recife (8°06’S 34°53’W), 271 
Burkina Faso, 50, 54, 137, 195, 232, 265, 
281, 289, 339—344, 348-349, 
352, 369 
Dori (14°03’N 2°00’ W), 98 
Lyele [Еа] (п.1.), 54 
Burundi, 135 


c 
Cameroon, 121, 282, 316, 344—345, 349, 350, 
358, 360 
Bafoussam (5°31’N 10°25’E), 125 
Canada, 372 
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Cape Verde Archipelago [Islands], 229, 
281, 320 
Fogo (14°55’N 24°25’W), 265 
Praia (14°53’N 23°30’ W), 229 
St Jago. See Sao Tiago 
Santiago (15°08’N 23°32’W), 229 
Santo Antão (с. 17?00'N 26°55’W), 265 
Sao Tiago [St Jago] (15°05’N 23?40' W), 
31, 229, 265 
Carribean. See West Indies 
Central African Republic, 264, 282, 320, 
358, 368 
Sibut [Fort Sibut] (5°46’N 19?06' E), 
146, 264 
Chad, 282, 320, 348, 351, 359, 362, 363 
Bongor Sieké (10°14’N 15?25' E), 282 
Ennidi Plateau (c. 17°N 23°E), 288 
Lake Chad (c. 13?N 15?E), 156, 281, 282, 
289, 363, 364 
Lake Mega-Chad, 318, 319, 320, 335 
Logone, Department (c. 15°05’N 
14*50' E), 282 
Logone, river (c. 12°06’N 15?02' E), 282 
Ouadai [Wadai] district (c. 13°N 21?E), 
362 
Sieké (10*16'N 15°25’E), 282 
China, 5, 27 
Canton (23°08’N 113?20'E), 267 
Fujian (c. 26°N 128°E), 270 
Guandong (mult.), 270 
Tibetan Plateau (c. 33°N 83°E), 310 
Yunnan (c. 25°N 102°E), 270 
Comoro Islands [Comores], 172, 176 
Mayotte (с. 12°50°5 45°10’E), 199, 
267, 299, 
Grande Comore (c. 11°35’S 43°20’E) 
Mtsamdou (11?36'S 43°24’E), 110 
Ngazidja (11°35’S 43?20' E), 267 
Congo, Democratic Republic of, 208, 284, 361 
Bas-Congo (c. 6°S 13°E), 284 
Batéké desert. See Zinga 
Boma (4?16'S 13?33' E), 284 
Cóte-Matébe (2°47°5 12?34" E), 284 
Gbado-Lite (4?17'N 10?0' E), 264 
Kasai River (c. 3°02’S 16?577 E), 285 
Matadi (5°48°5 13°27’E), 284 
Zaire River (c. 6°S 13°E), 284 
Zinga [Batéké desert] (4°51°5 14?48' E), 
285 
Congo-Brazzaville, Republic of 
Brazzaville (4°14’S 15? 14" E), 32, 137, 
255, 284, 285 
Loango (4°38’S 11?50' E), 284, 361 
Mayumbe (2?30'N 27°37 E), 284 
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Congo, river. See Zaire, river 
Crete, 10 
Khaniá [Canea] (35°31’N 24°O1’E), 14 
Cyprus, 8 
Dahomey Gap (c. 7°30’N 2?00' B), 274, 
285, 286, 320 


D 
Danish Guinea, part of Ghana, 52 
Dutch East Indies, 27 


E 
East Indies, 22, 308 
Egypt, 1-3, 10, 13, 16, 17, 87, 254, 331, 351, 
363, 364 
Alexandria (31°13’N 29°55’E), 4 
Aswan (24°05’N 32°56’E), 2, 3, 267 
Cairo (30°03’N 31°15’E), 2, 10-12, 14, 
17, 18, 20, 267, 364 
Dahkla Oasis (25°30’N 29?00' E), 363 
EI Saff (29°34’N 31°17’E), 272 
Nile, River (с. 30°03’N 31?15' E), 319, 320 
Plant Island (c. 24°05’N 32°56’E), 267 
Roda Island, Cairo (c. 30°00’N 31°13’E), 
17, 267 
Wadi Kubbaniya (c. 26°09’N 33°32’E), 3 
Equatorial Guinea 
Annobón (1°26’S 5?37' E), 265 
Bioko [Fernando Póo] (c. 3°30’N 8?30' E), 
265 
Eritrea, 21, 39, 111, 138, 347, 348, 351, 352, 
364, 383 
Keren (15°46’N 38?30' E), 39, 111 
Ethiopia, 16, 17, 21, 105, 117, 170, 193, 223, 
278, 282, 283, 316, 352, 362, 365 
Abbai [Abavi, Blue Nile] river (c. 10°10’N 
38°29’E), 14 
Massawa (15°37’N 39?28'E), 1 
Tacazze, river (c. 14?20' N 35°50’E), 282 
Tigre (c. 13°S 40°E), 283, 352 
Europe, xxix, 1, 4, 8, 10, 13, 14, 17, 30, 73, 
76, 81, 82, 89, 116, 125, 135, 215, 
240, 243, 309, 310, 313, 314, 332, 
371 ff, 387, 394 


F 
Fernando Póo. See Bioko, Equatorial Guinea 
France, 24, 82, 87, 117, 316 
Agen (44°12’N 0?38' E), 8, 69, 72, 77, 82, 
86, 125, 172, 176, 179 
Angoulême (45?40'N 0?10' E), 8 
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Honfleur (49°25’N 0°14’E), 27 

La Borne d'en Bas (47°17 N 2°35’E), 135 

Marseille [Massalia] (43?18'N 5?22" E), 2, 
4, 15, 25, 77, 372, 380 

Montpellier (43°46’N 3°53’E), 19, 20 

Paris (48°52’N 2?20' E), 2, 3, 8, 12, 16, 17, 
19, 20, 24, 26-29 


G 
Gabon, 5, 101, 266 
Libreville (0°30S 9?25' E), 266, 276 
Gambia, The, 51, 52, 69, 72, 73, 88, 
136, 137, 265, 340-342, 
359, 380 
Gambia River [Gambra] (с. 13°28’N 
16?34 W), 4, 5, 7, 8, 37, 265 
Tendaba (13?26'N 15°49’W), 7 
Guyana, 271 
Germany, 38, 316 
Dresden (51°03’N 13?45'E), 2 
Eichstätt (48°53’N 11?22'E), 16 
Frankfurt am Main (50?06'N 8°41’E), 14 
Karlsuhe (49°00° № 8?24 E), 19 
München [Munich] (48°08’N 11?35'E), 2 
Nürnberg [Nuremberg] (49°27°N 
11?05' B), 16 
Schleswig-Holstein (c. 54?30'N 10?00' E), 29 
Ghana, 4, 52ff, 69, 75, 87, 88, 90, 95, 111, 
121, 162, 170, 226, 274, 285, 286, 
342-344, 359 
Achimota (5°35’N 0°15’W), 170, 266 
Akwapim [Aquapim] (c. 6°00’N 0°13’W), 52 
Black Volta (c. 8°41’N 1°33’W), 360 
Bolga District (n.l.), 53 
Dompo (п.1.), 54 
Mali (12?08'N 12°19’ W), 5, 52, 68—70, 78, 
87, 90-93, 95-100, 103, 106, 117 
Malshegu (9°26’N 0?48' W), 54, 55 
Saakpuli (п.1.), 93, 102, 110 
Tamal (9°26’N 9?49"W), 54 
Volta River (c. 10°N 1°W), 286 
Great Australian Bight (c. 33°S 130°E), 311 
Greece 
Athens (38°00’N 23°44’E), 139 
Guinea, 16, 18, 125, 264, 271, 286, 340, 348, 
359, 360 
Fouta Djalon Plateau (c. 11°N 12°W), 4 
Timbo (10?36'N 11?51 W), 255 
Guinea Bissau, 137, 340, 341 
Bisiguiche [Bisiquienne] (n.l.), 7 
Prábis (11°48’N 15?14"W), 286 
Tambacumba (11°17’N 15°23’W), 71 
Gulf of Aden (c. 13?N 46?E), 14, 310, 317 


487 


Gulf of Guinea (c. 3°N 6?E), 265, 274, 320 
Guyana, 271 


H 

Hawaii, 140, 172, 270, 334 
Honolulu (21?19'N 157°W), 231 

Himalayas, 310 

Holland. See Netherlands, The 

Horn of Africa, 269, 282, 363 


I 
India, 7, 21, 27, 40, 61/f, 6877, 108, 110, 117, 

118, 122ff, 140, 152, 169, 171, 194, 
208, 214, 221, 267, 2770, 307ff, 325, 
334, 338, 351], 365-366 

Ajmer (26°29’N 74?40' E), 62 

Allahabad (25°57’N 81?50' E), 40, 157 

Ambazair (n.1.), 40, 157 

Barabanki (26°56’N 81°11’E), 61 

Bengal (c. 24°N 90°E), 117, 269, 
326, 352 

Bijapur (16°52’N 74°47 E), 269 

Bombay. See Mumbai 

Calcutta. See Kolkata 

Calicut (11°15’N 75?45' B), 7, 268 

Chaul (18°35’N 72°57’E), 269 

Chezalal (c. 16°27’N 77?19' E), 40 

Deccan (c. 18°N 77°E), 269, 365 

Delhi (28°40’N 77°14’E), 268 

Dhar. See Mándu 

Ganges[Ganges], river (c. 25? 14^ N 
86°59’E), 108, 269 

Girnar foothills (21°30’N 70?33' E), 62 

Golconda (17°24’N 78?23' E), 40, 108 

Gujarat, State of (c. 23?N 71?E), 62, 
70, 269 

Howrah (22325'N 88?20' E), 272 

Hyderabad (17°22’N 78?26' E), 108 

Indore (22°22’N 75°54’E), 270 

Јапјіга (18°16’N 72?59' E), 269, 270 

Jhalawar District (с. 24?27"N 76?12' E), 62 

Jhusi (25°26’N 81°54’E), 40, 61, 366 

Junagadh (21°31’N 70?28' E), 62 

Khurasan (n.1.), 269, 366 

Kintur (c. 26°56 N 81?31' E), 61 

Kolkata [Calcutta] (25°35’N 88?21' E), 
269, 270, 272 

Kuntur (17?21 N 78?38' E), 61 

Kutch, region (23?N 70°E), 62 

Lucknow (26°50’N 80°54’E), 181, 270, 271 

Madhya Pradesh, State of (c. 22?N 80?E), 
270 
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India (cont.) 
Malabar coast (c. 13°N 75°E), 7, 21, 267, 
270 
Malwa (26°02’N 80°43’E), 269, 270, 353 
Mándu [Dhar] (22°22’N 75°23’E), 270 
Mándu, fort (22°22’N 75°24’E), 270 
Mangliyawas (26°17 N 74?30' E), 62 
Mumbai [Bombay] (18°15’N 72°51’E), 
269, 270 
Nagour (n.1.), 270 
Nálcha (22°25’N 75°24’E), 270 
Panvel (18°59’N 73?10' E), 62, 108 
Prayag (25?28'N 81°52’E), 61, 157, 366 
Rameswaram (9?18'N 79?19'E), 62 
Sondhwar (n.1.), 62 
Sundarbans (tidal forest) (c. 22°N 
88?30' E), 269 
Surat (21?10'N 72?54" E), 269 
Tamil Nadu, State of (11?N 78?E), 62 
Tilpat, near Gurgaon (n.1.), 62, 366 
Uttar Pradesh, State of (c. 23?30'N 
80*40' E), 152 
Indian Ocean, 3, 21, 22, 131, 180, 264, 267, 
268, 2770, 278, 291, 310, 316, 318, 
325ff, 366, 374 
Bay of Bengal (c. 15°S 90?E), 326 
Indonesia 
Krakatau (6?11' S 105?26' E), 336 
Israel, 23, 309, 317 
Italy (including Sardinia and Sicily), 309, 
372, 374 
Fano (43°50’N 13?01 B), 39 
Padova [Padua] (45°25’N 11?53'E), 10, 
12, 14, 20 
Palermo (38°08’N 13?23' E), 19 
Pesaro (43°54’N 12?54" E), 39 
Rome (41°53’N 12?30' E), 3, 70 
Sardinia (c. 40? 9?E), 316 
Torino [Turin] (45°04’N 7?40' E), 2, 3 
Vatican, Citta del (41°54’N 12?27 E), 2, 6 
Venice (45°26’N 12°20’E), 10, 12, 14 
Verona (45°26’N 11?00' B), 8, 373 
Ivory Coast 
Bingerville (5°20’N 3°53’W), 146t, 266 
Bouaké (7°42’N 5°00’ W), 164, 165 


J 

Japan 
Kyoto (35°02’N 135°45’E), 270 
Tokyo (35°40’N 139?45'E), 134 

Java, 70, 89, 102, 177, 267, 272, 312, 328, 366 
Bogor [Buitenzorg] (6°34’S 106°45’E), 168 
Pasuruan (7°38’S 112°44’E), 168 
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K 
Kalahari (c.21°S 23°E), 36, 50, 51, 101, 105, 
273, 275, 277, 278, 280, 287, 288, 
312, 362, 363 
Kenya, 21, 38, 39, 56, 62, 71, 72, 90, 93, 
99, 105, 112, 116/f, 135ff, 145, 
152, 171, 199, 208, 222, 223, 
229, 240, 249, 264, 277, 283, 
287, 310, 320, 333, 345, 348, 
351, 360, 361, 381 
Gatakani (0*50' S 36?47 E), 56 
Gedi Forest Nursery (3?19'S 40°01’E), 
147 
Giriama (3?48' S 39?35' E), 56 
Jumba la Mtwana (3°57’S 46?00' E), 
264 
Kamba (c. 1°15’S 38?15' B), 56, 361 
Kiritiri (0°41’S 37?39' E), 56 
Lamu (2?17'S 40°54’E), 264 
Malindi (3°13’S 40°07’E), 7, 147 
Mombasa (4°04’S 39*40' B), 7, 37, 73, 
120, 171, 287 
Mount Kenya (0?09' S 37?19' E), 39 
Moyale (3°31’N 39°04’E), 55 
Mtwapa (3?56' S 39?45' E), 264 
Mwea (0?45'S 37?29' E), 56 
Nairoba (1°17°5 36?49' E), 403 
Ngandure (0?42' S 37?38' E), 56 
Northern Province (c. 2°N 37?E), 105 
Salaita Hill (3°23’S 37?4T' E), 38 
Shimoni (4?39' S 39?23' E), 286 
Taveta (3°24’S 37?40' E), 38 
Tharaka (c. 0?25' S 38?03' E), 
56, 345t 
Tsavo National Park (c. 3°00’S 38?45'E) 
204f, 205, 229, 277 
Tsavo East National Park (c. 2°45’S 
39*00' E), 204, 205 
Tsavo Royal National Park (с. 3°00’S 
38?45' E), 433 
Vanga (4?40' S 39°13’E), 214, 
215, 264 
Kerguelen Islands, Southern Indian Ocean 
(c. 49?30' S 69*30' E), 329 


L 
Liberia 
Cape Palmas (4?25'N 7?50"'W), 264 
Libya, 37, 316, 363 
Ghat’ (24°59’N 10?11' E), 32 
Limnos [Lemnos], Isle of (39°55’S 25°15’E), 
12, 331 
Lord Howe Island (5?20'S 159?30' E), 315, 334 
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M Ankaranana, Réserve Spéciale d' (12°55’S 
Madagascar, 21—26, 40-42, 63—64, 68, 71, 79, 49?8' E), 25t, 233, 299 


80, 83, 86, 89,91], 99, 101ff, 108, 
112, 114, 123, 137ff, 158, 159, 164, 
166, 174, 180ff, 197, 203, 20837, 
215ff, 249ff, 251-261, 267ff, 
291—300, 308ff, 320ff, 334, 
355—356, 366—367, 370, 371, 391 
Ambondromifehy (12?53' S 49?13' E), 
259, 299 
Ambongo (23?28'S 47°17'Е), 258, 299, 
323 
Ambovombé (12°53’S 49?13' E), 259, 299 
Ambre, Parc National du Montagne d' 
(12?30' S 49?110' E), 232 
Ambre, Réserve Spéciale de la Forét du 
(12?30' S 49?110' E), 24 
Ampanihy-Ouest (18?28'S 45?00' B), 64 
Ampanihy-Ouest (18?25'S 45°15’E), 64 
Ampasambazimba (18?39' S 46?01 E), 322 
Ampotaka (25?03' S 44?46' E), 300 
Anaboringy (с. 16?06' S 45?20' E), 102 
Anakao (23?40' S 43?39" E), 217 
Analabe, Site d'intérét biologique d' 
(19?28' S 44?50' E), 233 
Analava (14?13' S 47?48' E), 300 
Analmera Special Reserve (c. 12°45’S 
49?29' E), 232 
Analamerana, hill (12°44’S 49°36’E), 296 
Andaevadoke. See Andavadoaka 
Andavadoaka [Andaevadoke, Andavadoke] 
(22°04’S 43°15’E), 300 
Andohahela (12°50’S 46°32’E), 299, 300 
Andohalela, Réserve naturelle intégrale de 
(12?50' S 46°32’E), 233t 
Andranofanjava, river (c. 12°22’S 
48°29’S), 37f, 298 
Andranomalaza, river (с. 18°08’S 
47°51’E), 260, 295, 300 
Andranomalaza, river (c. 14?13'S 
48?05' E), 260, 295, 300 
Andranomandavo (n.l.), 260 
Andranomena, river (c. 19?35' S 44*58' E), 
295, 297 
Andranomena, Réserve Spéciale d' 
(20? 14^ S 44?40' E), 25f, 233 
Androy, 260 
Ankara, Plateau de l’ (17°15’S 46?20' E), 
26, 259, 292, 297, 299 
Ankarafantsika Nature Reserve (16°15’S 
46°55’E), 300 
Ankarana Massif (c. 12°55’S 49°07’E), 174 
Ankarana Plateau (c. 12?49' S 48°37 E), 
26, 259, 292, 297, 299 


Ankilizato (20?25' S 45°02’E), 300 

Antsahampano (12?19'S 49°11’S), 297 

Antisirana (12?16'S 45? 17" E), 258 

Antsiranana [Diégo-Suarez] (22?29'S 
47°2T E), 25, 184, 294 

Babaomby [Windsor Castle] (12?13'S 
49*10 E), 297 

Baie d'Antsiranana (c. 12°16’S 49? 177" E), 
299 

Baie de Baly (16°01’S 45?20' E), 258 

Baie de Morambe (c. 14°55’S 47?18' E), 
158 

Baie de Narinda (с. 14°45’S 47?30' E), 209 

Baie de Saint-Augustin (c. 23?33'S 
43?43' E), 3f, 22, 23, 259 

Baie de Sainte-Luce (c. 24?45' S 47?13' B), 
23 

Beantely (12°16’S 49*10' E), 173, 297 

Bejofo. See Bezofo 

Belo sur Taribihiha (19?42'S 44?33' E), 63 

Bemanonga (20°17°5 44?21'E), 41 

Bemaraha Massif (c. 20°00’S 45? 14" E), 
292 

Berenty, Réserve du (25?00' S 46? 177 E), 
233t 

Bereboka (16?46' S 45?39' E), 295 

Betioky (23°42’S 44°22’E), 232, 300 

Bezofo [Bejofo] (14°14’S 48°20’E), 260 

Boina Plateau (c. 16°00’S 46?00' E), 292 

Cap d'Ambre (11°57’S 49°17°E), 293 

Cap Andefitra. See Point Andefitra 

Cap Diégo. See Antisiranana 

Cap Saint André (16°11°5 44°27°E), 291 

Cap Sainte Marie (25°56’S 45°08’E), 293 

Cape Andefitra. See Pointe Andefitra 

Diégo-Suarez. See Antisiranana 

Djangoa, river (c. 13°47’S 48?19' E), 300 

Fort Dauphin. See Télafiaro 

Hatokaliotsy, Site d'intérét biologique d' 
(24?30' S 43?58' B), 233t 

Itampolo (24?41'S 46°57’E), 292, 297 

Itampolo (25°15’S 44°28’E), 292, 297 

Ivovona (12?19'S 49?25'B), 271 

Kamakama (16°55’S 46?48' E), 260 

Kirindy, Forét du (20°02’S 44?40' E), 
233t 

Kirindi, river (c. 20°52’S 43°56’E), 184 

Lac Alaotra (17?30' S 48?30' B), 271 

Lac Anony, Site d'intérét biologique du 
(29°09’S 46?30' E), 233t 

Lac Befotaka (19°02’S 44?24 E), 233t 

Lac Bemambu (18°50°5 44?20' E), 233t 
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Madagascar (cont.) 
Lac Ihotry (21°56’S 43°41’E), 232, 
296 
Lac Kinkony, Site d'intérét biologique du 
(16°08°5 45°50’E), 233t 
Lac Masama (18°51’S 44?29' E), 233г 
Lac Tsimanampetsotsa (24?08' S 43?46' E), 
297 
Mahafaly Plateau (с. 18?28' S 46*59' E), 
141, 210, 260, 292 
Mahafaly Réserve Spéciale de (23°40’S 
44°32? E), 39 
Mahajanga [Majunga] (15?43'S 46°19’E), 
24, 241, 267, 322 
Mahory, forest (12?51'S 49°16’E), 234, 
296, 299 
Majunga. See Mahajanga 
Mandrare, river (с. 25?10'S 46?277 E), 299 
Mangoky, river (c. 21?29' S 43?46' E), 159, 
232, 296 
Manongarivo, Réserve Spéciale (14?00' S 
48?20' E), 300 
Marofandilia (20*07 S 44?34" E), 175, 295 
Maromandia (mult.), 299 
Marosalaza (19*50' S 45°15), 334 
Marovoay (16°06’S 46?38' E), 241 
Massif de Tsaratanana (c. 14?*00'S 
49*00' E), 295 
Menabe. See Morondava 
Menarandra, river (c. 20?51' S 44?40' E), 
300 
Menarandra, river (c. 23?59'S 45?20' E), 
300 
Mikea (22?30'S 43?23' E), 21, 63, 64, 114, 
123, 193, 235 
Monrovia (n.l.), 184 
Montagne d' Ambre, Parc National du 
(12?30' S 49*10' E), 232 
Montagne des Français (12?22' S 49?29" E), 
296, 297 
Morombe (21?47' S 43?21' E), 232, 293, 
295, 296, 300 
Morondava [Menabe] (20°19’S 44° 1T E), 
24, 40, 41, 63, 76, 77, 102, 114, 
125, 135 
Namoroka, Réserve naturelle intégrale de 
(16°23’S 45?18 E), 233t 
Nosy Faly Peninsula (13?19' S 48?28' E), 
295 
Nosy Faly Peninsula (25°30’S 45?00' E), 
295 
Pointe [Cap] Andefitra (21?39'S 43?25' B), 
22f 
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Ramena, stream (c. 13°44’S 48?37^ E), 

296, 299 
Riviére des Makis (12?18'S 49°15’E), 298 
Romena (12°19’S 49?20' E), 296, 299 
Sakaraha (22?55'S 44?32" E), 235, 300 
Sakondry, valley (c. 23?31' S 44?19" E), 

260 
Sambirano, river (c. 13°43’S 48?18' E), 

293, 295, 300 
Soalala (16°06’N 45?20' E), 102, 259, 271, 

297, 299 
Soamanitsa (25?26' S 44*59' E), 63 
Toamasine Province. See District de 

Tamatave 
Tôlañaro [Fort Dauphin] (25?01'S 

577200 B), 23, 177, 210 
Toliaro [Tuléar] (23?21'S 43?40' E), 22 
Tsaratanana (14?00' S 49?00' E), 295 
Tsihombé (25?19'S 45?29' E), 295, 297, 

300 
Tsimembo, Site d'intérét biologique du 

(18*56' S 44°27 E), 2231 
Tsimbombé (25?18' S 45?29' E), 295, 297, 

299 
Tsimananpetsotsa, Réserve naturelle 

intégrale de (c. 24?05'S 43?48' E), 

233t 
Tsimilofo (24?59' S 45?*10' E), 297 
Tsingy de Bemaraha (c. 18°45’S 44°50’E), 

174, 210 
Tsingy de Namoroka [Ambongo] 

(c. 16?30' S 45?20' E), 258, 259, 297 
Tsiribihina river (c. 19°42’S 44?3I E), 210 
Tsivory (24°03’S 46?05' E), 137 
Tsivory (25?17' S 45?39' E), 137 
Tuléar. See Toliaro 
Vohemar (13?21' S 50°01 E), 293 
Vohibasia (mult.), 427 
Vorehe (22°15’S 43?38' E), 63, 152 
Windsor Castle. See Babaomby 
Zombitse, Site d'intérét biologique de 

(22?4T' S 44?40' E), 2331 


Maghreb, coastal region of NW Africa, 163 
Malacca, Strait of (c. 0° 125°E), 267 
Malawi, 38, 57, 73, 87ff, 109, 112, 239, 346, 


370, 386 

Chisumulu Island (12?01'S 34°37’E), 
108 

Karonga (9*56' S 33*56' E), 38, 112 

Lake Malawi [Lake Nyasa] (c. 12?30'S 
34?*30' E), 108, 112 

Mwanza (15°40’S 34?06' B), 371 

Shire River (c. 14°25’S 35?14" E), 279 
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Malaysia 
Penang, island (с. 5°26’N 100°16’E), 
267, 270 
Mali, 5, 52, 68/f, 78, 87, 90], 103, 106, 117, 
136, 152, 240, 243, 256, 265, 281, 
332, 339-344, 348—349, 358, 359, 
363, 369, 386, 387 
Bandiargara escarpment (14?25'N 
3?19"W), xviii, 52, 358 
Kayes (14°26’N 11°28’W), 281 
Niono (14°15’N 6°00’ W), 289 
Seno (12°16’N 6?56"W), 343t 
Tombouctou (16°49’N 2°59’W), 21, 
265, 363 
Mauritania, 5, 98, 137, 176, 289, 341—342, 
349, 351, 359, 363ff 
St Louis (16°01’N 16?30"W), 19, 26, 
248 
Tidjikija (18?29"N 11?31"W), 289 
Walata [Wálátan] (17°18’N 7°02’W), 5 
Mauritius [Maurice] (20°10°8 57?30' E), 28, 
29, 267, 268 
Mediterranean Sea, 13, 170, 171 
Mexico, 172 
Middle East, 170 
Morocco, 13, 207, 363, 364 
Agadir (30°30’N 9?40' W), 4 
Tanger [Tangier] (35°48’N 5?45" W), 
5,21 
Mozambique, 8, 20, 21, 36, 106, 113, 114, 
278, 287, 291, 329, 338, 345-346, 
358, 363, 367 
Cabora Bassa [Kubrabaza] (15°34’S 
32*50' B), 131 
Chidimba (16?19' S 35?05'E/16?16'S 
35?48' B), 34 
Chiramba [Shiramba] (16°59’S 34?34' E), 
33 
Devuli( п.1.), 93, 106 
Kubrabaza. See Cabora Bassa 
Lué River (п.1.), 131 
Láro, Rio (c. 16?15'S 27?06' E), 287 
Massinga (23?20' S 35?25' E), 287 
Moçambique, island (15°00’S 40?44" E), 
7, 287 
Nampula (15°09’S 39? 14" E), 287 
Quilálea (12?30' S 40?35' E), 180 
Qurimbas Archipelago (c. 10°48’S 
40°29’E), 180 
Rovuma River (c. 10?28' S 40*26' E), 
287 
Save [Sabi], river (c. 21?1'4' S 32?25' E), 
287 
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Sencar, Ilhia (12?29'S 38?06' E), 180 

Shiramba. See Chiramba 

Shupanga (18?02'S 35°36’E), 111, 133 

Sofala (20°10’S 34?44' E), 7 

Tete (16?10'S 33?35' B), 34, 131 

Zambezi River (c. 17°26’S 15?01 E), 58, 
59, 131, 278 

Mozambique Channel (c. 20°S 40°E), 291, 

310, 326 


N 
Namibia, 61, 70ff, 78, 86, 94, 105, 118, 123, 
134, 171, 214, 229—230, 285, 346, 
349 
Baynes Mountains (17?12'S 12?40' B), 
288 
Bushmanland (c. 19?35'S 20?30' E), 
271, 288 
Cunene River (c. 17?15'S 11°45’E), 
229, 320 
Epupa Falls (17°00’S 13°'15’E), 228 
Kaokoland (c. 19°S 13°E), 288 
Ofumana (18°15’S 13°15’E), 288 
Ombalantu (17°30’S 14°58’E), 36, 108, 
111, 288 
Outapi (п.1.), 36, 108 
Sikereti (19°03’S 20?43' E), 36 
Tjekwe (п.1.), 36 
Tsandi (17°45’S 15?53' E), 36 
Tsumkwe (19?37"N 20?30' B), 36, 157, 277 
Walvis Bay (22°59’S 14°31’E), 131, 133 
Waterberg (20?28' S 17?13' E), 281 
Windhoek (22°34’S 17?06' E), 412, 
428, 433 
Netherlands, The [Holland] 
Amsterdam (52?21'N 4°54’E), 22 
Enkhuizen (52°43’N 5?17 E), 16 
Leiden (52°10’N 4?30' E), 14, 15 
New Caledonia (c. 22°16’S 166°25’E), 270, 311 
New Guinea. See Papua New Guinea 
New South Wales, 324 
Lake Mungo (33?45'S 143?08' E), 26 
Sydney (33°55’S 151?10' E), 128, 271, 272 
New Zealand, 29, 311, 316 
Niger, 69, 255, 289, 339, 342, 349, 351—352, 
363, 381 
Bonkoukou (14°00’N 3?15' E), 127 
Dakfao (c. 14°00’N 3?15' E), 31, 32, 53, 127 
Maradi (13°29’N 7?10' E), 54 
Massif de I’ Air (c. 18°N 8?E), 295 
‘W?’ National Park (c. 12°N 2?30' E), 229 
Niger River (c. 13°32’N 2?05' E), 229, 359 
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Nigeria, 55, 68/f, 82, 84, 86, 88, 91, 92, 


95, 98ff, 117, 121, 134, 136, 
223, 226, 228, 264, 2774, 281, 
339, 3A1ff, 348—351, 359ff, 365, 
385ff 

Abeokuta (07°10’N 03?26' E), 55 

Datson-dombi (n.1.), 143 

Dogon Daji (12°24’N 4?48' E), 102 

Ede (mult.), 143, 144 

Funtua (11°34’N 7?17' E), 265 

Gusau, (12°12’N 6?40' E), 264 

Ibadan (7°23’N 3?56' E), 55, 225 

Idi-Osé (7°9’N 3°55’E), 55 

Idi-Osé (7?30' № 3°55’E), 55 

Iwo (7°48’N 4°11’E), 55 

Jos Plateau (c. 10°N 9°E), 55 

Kaduna State (c. 10°20’N 3?45' E), 122 

Kuka (12°56’N 13?34" E), 69, 75, 266, 
348, 350 

Kukawa (12°56’N 13°34’E), 266, 268 

Lagos (6°27’N 3?38' E), 125 

Lake Chad (c. 13?N 14°E), 156, 281, 282, 
318, 363, 364 

Lokoja (7°49’N 6?44' E), 32, 109 

Ngala (12?20'N 14°11’E), 156 

Osé. See Ide Osé 

Zaria (11°01’N 7?44' E), 69, 113, 143 


Northern Territory, Australia, 65, 66, 88 


Albert River (с. 17?35'S 139?45' E), 45 

Arnhem Land (c. 12°S 130?E), 177, 185, 
367 

Barrabarra Creek (15?53'S 130°12’E), 47 

Bradshaw Station (15?31' S 130?16' E), 46 

Bullita (16°06’S 130?29' B), 46, 305, 
306 

Cobourg Peninsula (c. 11°00’S 132?30' E), 
304 

Darwin (12?23'S 130?44' B), 31, 43, 48, 
105, 236, 265, 271, 272, 302—306, 
324 

East Baines River (c. 15°36’S 130°02’E), 
47, 157 

Fitzmaurice River (c. 14°50’S 129°44’E), 
46, 262 

Gregory National Park (15°53’S 
130?18' E), 236, 305 

Gulf of Carpentaria (c. 13°00°5 
138?00 E), 45 

Keep River National Park (15?49'S 
129?92' E), 153 

Koolendong Waterhole (14?47' S 
130*10 E), 47, 128 

Melville Island (11?22'S 130?30' E), 324 

Newry (16°01’S 129? 14" E), xx 
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Pearce Point (14?22' S 129*20' E), 196, 
262 

South Goulburn Island (11?37'S 
133?34' E), 27 

Principal Camp (c. 15°38’S 130°28’E), 
131 

Timber Creek (15?38'S 130?28' E), 44-47, 
66, 131, 236 

Victoria plateau (n.1.), 304 

Victoria River (c. 15?00' S 129?35' E), 29, 
44—46, 65, 66, 236, 262, 304, 305, 
357 

Victoria River District, 46 

Victoria River Inn (n.1.), 305 


[0] 
Oman, 170, 269 
Dhalqut (16°42’N 53°15’E), 284 
Dhofar (c. 18°N 54’E), 88, 101, 284, 317, 
352 
Taqah (17°02’N 54?26' E), 284 
Wadi Ghazir (c. 17°02’N 54?35' E), 284 
Wadi Hinna (c. 17°03’N 54?37 E), 284 


P 
Pacific Ocean, 270, 328 
Pakistan, 170, 270, 316 
Bal dhand [Baldha] (34°06’N 72?16'E), 
270 
Sundarbans (tidal forest (c. 22°N 89?E), 
269 
Papua New Guinea, 27, 224, 311, 316, 324 
People's Republic of the Congo 
(Congo-Brazzaville), 32, 94, 
136, 177 
Brazzaville [N' Tamo] (4?14' S 15?15' E), 
32 
Loango (4?38'S 11?50' E), 284, 361 
Mayumbe, plateau (c. 4?30'S 12?30' E), 
284 
N’Tamo. See Brazzaville 
Philippines, 267, 270, 316 
Lagori (n.l.), 125 
Portugal, 6 
Principe, island, Gulf of Guinea (1°37’N 
7°27E), 265, 274, 320 


Q 
Queensland, Australia, 27, 185, 224 


Atherton Tablelands (c. 17°15’S 
145?30' BE), 324 
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Birdsville Basin (c. 26°S 139°E), 323 
Brisbane (27°30’S 153?00' E), 45, 137, 271 
Cape York Peninsula (c. 14?30'S 

143?00' B), 177 
Duifken Point (12?35' S 141?39' E), 27 
Moreton Bay (c. 27°02’S 153?25' E), 29 


R 

Red Sea, 1—3, 267, 281, 288, 289, 310, 317, 
363 

Réunion, Indian Ocean (c. 21?20'S 55?29' E), 
24, 271, 374 


S 
Sahara, 1, 5, 10, 14, 17, 21, 31, 54, 133, 
169-171 
Sahel, 49, 53, 101, 105, 111, 159, 180, 267, 
276-277, 281, 289, 317, 319, 324, 
335, 337, 359, 364, 365 
San Marino (43°56’N 12°26’E), 137 
São Tomé [San Thome], island (0°54’N 
6°35’E), 7, 255 
Saudi Arabia 
Mecca (21°26’N 39?49'E), 5 
Senegal, 5, 8, 13, 18, 19, 32, 50ff, 67, 69, 72, 
T5ff, 82, 86ff, 1110, 123, 125, 135, 
137, 145, 154, 159, 160, 170, 195ff, 
208, 240, 243, 254, 265, 266, 274, 
285, 286, 289, 339, 340ff, 351, 352, 
359, 368, 373, 386 
Bargny (14°42’N 17°14’W), 37 
Basse Casamance (c. 12°40’N 16°45’ W), 
286 
Bassari region (n.l.), 54 
Cap Vert [Cape Verde] (14°47 N 17°412’E), 
7, 19, 31, 229, 265, 281, 320 
Dakar (c. 14°38’N 17?27W), 146t 
Dioubel (14?29'N 16?12^W), 32 
Fissel (14°33’N 16°37 W), 145f 
Gorée [Sor], island (14°40’N 17?27"W), 19 
Grand Gallarques (c. 43?43' N 4?10'E), 106 
Haute Casamance (c. 12°30’N 14°45’W), 
286 
Пе de Palma (c. 14°47’N 17°412’E), 7 
Îles de St. Louis (16°02’N 16°37’W), 1467 
Îles de la Madeleine (14?39'N 17?28' W), 
6, 7, 31, 154 
flot aux Sarpan [flot aux Serpents] 
(14?39'N 17°28’W), 31 
Kalounayes Forest (12°49’N 16?06" W), 
286 
Kaolack (14?09'N 16?08' W), 37 
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Kedougou (12°35’N 12°09’W), 37 
Kidira (14?35'N 12°12’W), 281 
Lambaye (14°48’N 16°32’W), 32 
Mamelle (n.1.), 281 
M'Bao (14°44’N 17?19'W), 146 
Mont Assirik (12°53’N 12°45’W), 206 
Nghaye (п.1.), 53 
Nioro (13°45’N 15°48’W), 440 
Senegal River (c. 16°10’N 14?00'W), 
8, 289 
Thiés (14°48’N 16?57"W), 37, 276 
Toubacounda (13°25’N 13?39"W), 146 
Toumbacouta [Tombuktu] (12°42’N 
15?49'W), 146 
Seychelles, 328 
Cerf (4°38’S 55?30' E), 267 
Mahé (4?37' S 55°27’E), 182, 267 
St Anne (4?36' S 55?30' E), 267 
Socotra (9°22’S 46?28' E), 140г 
Somalia, 21, 88, 89, 97, 136, 171, 208, 283, 
310, 316, 345, 351 
Jubba River (c. 0?15' S 42?35' E), 283 
Karin (10°50’N 45°57 E), 55 
Saylac [Zeila] (11°21’N 43?30' E), 14 
South Africa, 30, 35, 50, 60, 66, 78, 91, 94, 
96, 102, 113ff, 122, 125, 136, 137, 
151, 158, 159, 166, 180, 196, 208, 
213, 225, 239, 242, 327, 338, 346, 
347, 361, 362, 371 
Barberton ((25?48' S 31?03' E), 108 
Berkenrode (22°23’S 30°04’E), 230 
Bochum (23?17' S 29°07’E), 280 
Cape of Good Hope (c. 33°56’S 18?29" E), 
7, 27, 29, 327, 362 
Cape Town (33°56’S 18?29' E), 29, 
131, 243, 
Cecilmour Farm (c. 32°S 29?E)), 151t 
Cluniespoort (24?23' S 29?50' E), 280 
Dongola (22?15' S 29?40' E), 163, 362 
Dorothy Farm (22°30’S 29°57’E), 158 
Drakensberg Mountains (c. 30°30’S 
28?30' E), 280 
Duiwelskloof (sssS 31?00' E), 60, 108 
Genoa Farm (23?07'S 28?08' E), 266 
Glencoe Farm (24?20'S 30?3' E), 36, 160 
Gravelotte (23°57’S 30°37’E), 108 
Hoedspruit (c. 24?21' S 30°58’E), 36, 160 
Johannesberg (26°10’S 28?02' E), 132, 133 
Kirstenbosch (33?59'S 18?26' E), 243, 
266 
Kruger Natonal Park (23°50’S 31?00' B), 
36, 156, 219, 229, 230, 243, 280 
KwaZulu Natal (Natal) (c. 29°S 30°E), 
151, 171, 360, 361 
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South Africa (cont.) 


Letaba Rest Camp (23°51’S 31°51’E), 36 

Leydsdorp (23°51’S 31°35’E), 108 

Limpopo (Transvaal) Province (c. 25°S 
29°E), 36, 60, 107, 108, 114, 126, 
127, 141, 149, 163 

Limpopo River (c. 25?12'S 33°32’E), 229, 
280, 286 

Mabala Tutwa (n.1.), 125, 126 

Makgaberg Plateau (c. 23°15’S 28°54’E), 

126 

Messina (22°2i’S 30°03’E), 36, 102, 

144, 149, 150f, 155, 156, 158, 

163, 229 

Messina Nature Reserve (12?22'S 

30°02’E), 230 

Mhlangura (32?00' S 29°04’E), 151 

Modena Farm (22°14’S 29°10’E), 127 

Mooketsi (23?36' S 30*06 E), 108 

Mopane (22°36’S 29*51'E), 108, 222, 

230, 278-280, 287, 288, 320 

Mpumalanga (25°34’S 31?10'B), 160 

Nelspruit (25?28' S 30*58' E), 160 

Nwaswitsontswe River (c. 25?08'S 
32?32' E), 280 

Olifants River (c. 25°51°5 29?30' E), 280 

Pietersberg (23°54’S 29?23' E), 108, 
280, 281 

Platland (23?36' S 30*12' E), 108 

Pretoria (25°45’S 28°12’E), 266, 361 

Prinzenhage, farm (22°25’S 30°93’E), 
230 

Rustenberg (25°40’S 27°25’E), 281 

Singelele, farm (22?21' S 30°04’E), 230 

Skelmwater (22°28’N 29*56' E), 
150t, 1517 

Skukuza (24°59’S 31?36'B), 157 

Soutpan [Zoutpan] (28?43' S 26?04.E), 
280 

Soutpansberg [Zoutpansberg] (с. 23?01'S 
29°77 E), 280 

Stockford, farm (22°24’S 30°04’E), 230 

Toynton, farm (22°23’S 30°01’E), 230 

Tshipise (22°36’S 30*10' E), 36 

Tzaneen (23°50’S 30?09' E), 108 

Vaal River (c. 29°04’S 23?277 E), 30 

Vogelenzang, farm (mult.), 230 

Waterberge (24?37" S 28°42’E), 281 

Zoutpan, salt pan. See Soutpan 

Zoutpansberg. See Soutpansberg 


South Australia 


Adelaide (34°56’S 138?36'E), 271, 272 
Nullabor Plateau (c. 30°35’S 130?00' E), 
311 
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Southern Rhodesia. See Zimbabwe 
Spain, 6, 16, 372 
Ribadesella Caves (43°28’N 5°04’W), 126 
Sri Lanka, 5, 62, 73, 78, 89, 90, 179, 231, 
267, 269, 270, 338, 353, 354, 366 
Arippu (8?48'N 79°55’E), 270 
Batticaloa (7°43’N 82°42’E), 270 
Delft (9°32’N 79?40' E), 270 
Jaffna (9*38'N 80?02' E), 270 
Mannar District (8°52’N 80?05' B), 152, 270 
Mannar Island (8°58’N 79°54’E), 231 
Peradeniya (7°16’N 80°37’E), 270 
Straits of Gibraltar (c. 36°00’N 5?30'W), 2, 4 
Sudan, 1, 2, 14, 32, 37-38, 49, 70, 81, 87, 93, 
98, 102, 103, 136, 145, 152, 155, 
170, 171, 181, 199, 220ff, 265, 266, 
282, 285, 289, 290, 320, 347ff, 359, 
363ff, 368, 386 
Abri (11°40° 3 27?20' E), 399 
Abu Haraz (14°29’N 33°31’E), 1 
Abu Zabad (12?21'N 29?15'E), 290 
Al Wasa [Blue Nile, Fung] Province 
(c. 12°30’N 34°E), 160 
Al-Wusta, Ingessana Hills (c. 11?27N 
33?59' E), 282 
Bahr el Arab (c. 9°20’N 23?38' B), 
282, 320 
Bahr el Ghazal (c. 12?N 29°E), 282 
Belheday. See Jabel Hataza 
Barbis (c. 13°30’N 24?20' E), 319 
Bessama. See Abu Busa 
Blue Nile (c. 13°31’N 33?38' E), 1, 14, 
106, 155, 277, 282, 320 
Blue Nile Province. See Al Wasa Province 
Darfur Province (c. 13°N 25°E), 362 
Delami (11°52’N 30?28' E), 347t 
Derib el Arbain (c. 19°10’N 26°30’E), 2 
Dilling (12°63’N29°39’E), 290, 347, 362 
En Nahud (12°42’N 28?26' E), 37 
Equatorial Province (c. 5°N 31?E), 282 
Foga (13°40’N 28?02' E), 104 
Fourth Cataract (18°47’N 32°03’E), 2 
Fung Province. See Al Wasa Province 
Heiban (11°13’N30°31’E), 339 
Ingessana Hills (11?27"N 33°59’E), 282 
Jebel ed Dair (12?30' N 30?45' E), 291 
Jebel el Hilla (13°27’N 27?06' E), 38 
Jebel el Liri (10°17’N 30°3£ B), 
3391, 362 
Jebel Gurgeil (13?50"N 24?19' E), 319 
Jebel Haraza (15?03'N 30?277 E), 365 
Jebel Heiban (11°15’N 30?31'E), 339t 
Jebel Marra (c. 13°00’N 24?15' E), 2, 282, 
288, 319, 362 
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Jebel Tira Mandi (10°54’N 30°30’E), 
339t 

Kabanyabaram, Nuba Mountains (n.1.), 
3481 

Kadugli (11°01’N 29°43’E), 348; 

Kalkadda (10°43’N 30?35' E), 339t 

Kashgil (12°47° № 30?009' E), 37 

Kassala (15°28’N 36?24'B), 1 

Khartoum (15°36’N 32?32' E), 1, 84, 276 

Khor Gana (c. 11?24'N 34?40' E), 339г 

Kordofan Province (c. 13°S 30°E), 103, 
161, 162, 165, 267, 290, 
318, 333 

Korongo (10?29"N 29*577 E), 348t 

Kurmuk (10°36’N 34?16' E), 106, 107f 

Lagori, Nuba Mountains (n.l.), 347t 

Malakal (9?21' N 31?39' E), 147t 

Mandu (n.1.), 282 

Meroe (16°56’N 33°33’E), 3 

Northern Kordofan Province (c. 14?30'N 
29?30' E), 318 

Nuba Mountains (c. 12°00’N 30?45' E), 
53, 104, 180, 213, 216, 219, 220, 
222, 291, 358 

Qoz Dango (c. 10°33’N 24?00' E), 319 

Qoz Salsilgo (c. 11°00’N 23?00' E), 319 

Red Sea Hills (c.2 35? E), 288, 363 

River Nile (c. 16/41" N 32°22’E), 254 

Sa’ata (12°46’N 29?34' E), 37 

Second Cataract (21?49'N 31°12’E), 2 

Sennar (13?33' N 33?36' E), 17 

Sheikan (12°45’N 30?13' E), 37 

Soba (15?27N 32?40' E), 49, 114 

Talodi (10°38’N 30?33' E), 339г 

Tegali (c. 11°00’N 31?00' E), 220, 339¢ 

Teis Umm Bona (13?11'N 27?24" E), 
290 

Teisa (11°07’N 29?26' E), 290 

Tisomi, Nuba Mountains (n.1.), 362 

Umm Brembeita (12°12’N 30?39' E), 
347t 

Umm Kuda (12°59’N 27?15' E), 290 

Wad Medani (14°24’N 33?32" E) 

Wara Gwet (9°49’N 27?39' E), 433 

White Nile (c. 30°11°N 32?38' E), 277, 
282, 319, 320 

Zernakh, valley (c. 13°00’N 27?20' E), 290 

Sumatra, 326, 328, 366 
Lake Toba (2°35’N 98?50' E), 336 
Swaziland, 280 


T 
Taiwan, 270 
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Tanzania, 21, 38, 52, 56, 70, 73, 75, 


79, 87ff, 100, 105, 107, 109, 

111, 113, 116, 117, 119, 124, 

127, 135ff, 152, 162, 193, 208, 

212, 223, 225, 239, 278, 282, 

283, 310, 345ff, 362, 369, 370 
Arusha (3°22’S 36?42' E), 76, 348t 
Bagamoyo (5°11°5 38°51’E), 148t 
Behobeho (c. 7?38' S 37?50' B), 38 
Dar es Salaam (6?48' S 39*15' E), 

57, 371 
Gendagenda South Forest Reserve (5?27'S 

38?38' E), 207 
Guruuswa (c. 3°15’S 37?30' E), 34 
Himo River (c. 3?15' S 37?30E), 38 
Irangi hills (c. 4°45’S 36?00' E), 278 
Kalambo Falls (8?35' S 31°13’E), 217 
Kilimanjaro (3°04’S 37?22' E), 38, 50 
Kondoa District (c. 5°00’S 35?50' E), 

72, 2778 
Lake Eyasi (c. 3?40' S 35?05' E), 72, 370 
Lake Manyara National Park (c. 3?30'S 

35?45' E), 205 
Lake Tanganyika (c. 6°S 29?30' E), 284 
Lake Victoria (c. 1? S, 3?E), 362 
Mahenge Game Reserve (8?41' S 
36?43' E), 229 
Manyara escarpment (с. 3°35’S 35?50' B), 
283 
Maswa (2°41°5 33?58' E), 57 
Mkomazi Game Reserve [Ruvu Game 
Reserve] (4?10' S 38*10' E), 

217, 229 
North Pare Mountains (с. 3?30'S 

37?33' E), 38 
Pemba, island (5°08’S 39°48’E), 415 
Ruaha National Park (7°35’S 34?30' E), 

206, 229, 283 
Ruvu Game Reserve. See Mkomazi Game 

Reserve 
Selous Game Reserve (8°30’S 37°00’E), 

229, 279 
Serengeti National Park (2°20’S 34°50’E), 

229 
Tanga, island (5°04’S 39°06’E), 56 
Uluguru Mountains (с. 7°10’S 37?40' E), 

437 
Usambara Mountains (с. 4°50’S 38?30' E), 

72 
Zanzibar (6?10' S 39?20' E), 20, 33, 56, 73, 

113, 137, 267, 275t, 278, 286 


Tasman Sea (c. 40°S 160?E), 311 
Tasmania 


Hobart (42°54’S 147?17 E), 272 
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Timor, Indonesia 
Kupang [Koepang] (10°13’S 123?38' B), 
45 
Timor Sea (с. 12°S 127°E), 328, 329 
Togo, 89, 96, 98, 229, 274, 286, 3411—344t, 
360 
Akwapin-Togo range [Togo Mountains] 
(7?25'N0?40' B), 360 


Haho, lower Mono (c. 6°17’N1651’E), 360 


Mono river (с. 10° 009" N), 360 
Nuatja (6°59’N1°17’E), 360 
Torres Straight (с. 10°$ 142°E), 27, 367 
Tunisia, 316 
Turkey, 37, 66, 305 


Bergama [Pergamum] (39°08’N 27?10' E), 


12 
Istanbul [Constantinople] (41°02’N 
28?5T B), 5, 15, 254 


U 
Uganda, 32, 283, 285, 360 
UK, 19, 29, 79, 81, 113, 331, 371, 383 
Cambridge (52°12’N 0.07" E), 18, 20, 28, 
216, 261, 331 
Chelsea (51?29'N 0°10°W), 18, 19, 240, 
331 
Cheltenham (51°54’N 2°04 W), 241 
Eltham (15°27’N 0.04" E), 17, 18 
Hull (53°45’N 2?00' W), 113, 117 
Kew (51?29'N 0?18"W), 26-29, 39, 44, 
68, 131, 134, 155, 163, 164, 237 
King's Lynn (52°45’N 0?24" E), 130 
Liverpool (53°25’N 2°55’W), 113, 117 
Oxford (51°56’N 1°15’W), 17, 18, 
26, 282 
Wakehurst Place (51°04’N 5?00' W), 239 
USA 
Anaheim, CA (33°50’N 117°56’W), 135 
Colorado Springs, CO (38°50’N 
104?50' E), 135 
Florida City, FL (25°N 80°30’W), 190, 
191, 223, 271 
Homestead, FL (25°29’N 80?29' W), 190 
Madison, WI (43°04’N 89°22’W), 26 
Miami, FL (25°45’N 80°15’ W), 180 
Pittsburgh, PA (40°26’N 80°00’ W), 136 
St Louis, MO (38?40'N 90°15’W), 
19, 26, 248 


V 
Victoria, Australia 
Melbourne (37?45' S 144°58’E), 29 
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West Indies [Caribbean], 23, 40, 90, 140, 169, 


172, 180, 207, 208, 223, 334, 338, 
357 
Antigua (c. 17°99’N 61?49"W), 271 
Bahamas (c. 25?03'N 77°29’ W), 271, 338 
Barbados (с. 13°06’N 59°37’ W), 207, 
271,357 
Cuba (c. 23°07’N 82?25"'W), 271 
Dominica (с. 18°30’N 69°57’ W), 271, 338 
Grenada (c. 12204" N 61?44.W), 271 
Guadeloupe (c. 16?20'N 61?21" W), 
82, 90 
Haiti (c. 61°33’N 72?20' B), 271 
Jamaica (c. 18°N 77?W), 73, 81, 124, 172, 
223, 271, 338 
Kingston (17°58’N 76?48"W), 71 
Leeward Islands 
St. Kitts (17?17"N 62243 W), 207, 271 
Lesser Antilles 
Martinique (с. 14?36'N 61?05"W), 271 
Netherlands Antilles 
Curacao (12?00'N 68?40' W), 271 
St. Eustatius (17°00’N 63?04"W), 
271, 338 
Nevis (17°08’N 62°37’ W), 207, 271 
Puerto Rico (18°29’N 66°08’ W), 271 
Tobago (11°15’N 60°40’ W), 271 
Trinidad (10°38’N 61°31’W), 271 
Virgin Islands (UK), 271 
Virgin Islands (USA) 
Grove Place (n.1.), 40, 102 
St. Croix (17°45’N 64?45' W), 73, 223, 
271, 338 
St John (1821 N 64?48' W), 17, 271 
St Thomas (18°22’N 64°57 W), 271 


Western Australia, 27, 30, 236, 272, 325, 


328, 334 

Adolphus Island (15°22’S 128°15’E), 216 

Augusta (34?19'S 115?09' E), 329 

Beefwood Creek (27?18'S 139°16’E), 
236 

Bonaparte, island (14?51'S 124?46' E), 
301, 302, 304 

Broome (17°58’S 122?15' E), 30, 103, 
153, 165, 176, 186, 262, 271, 
272, 303, 328 

Buccaneer Archipelago (с. 16°07’S 
123?20' E), 177 

Bungle Bungle Outcamp (n.l.), 236, 305 

Bungle Bungle Range (c. 17?25'S 
128?19' E), 236 

Cambridge Gulf (c. 15°00’S 128°15’E), 
28, 216, 261 
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Camden Harbour (15?29'S 124°36’E), 
46, 47 
Cape Lévêque (16?25' S 122?55' E), 
186, 328 
Careening Bay (15°07’S 125?00' E), 41, 42 
Careening Cove (16°05’S 123?25'E), 
27, 261 
Carnarvon Basin ((c. 26°S 115?E), 323 
Cervantes Island (30°33’S 115?02" E), 329 
Collier Bay (16°04’S 124°27’E), 29 
Dampier Peninsula (c. 17°30°5 122?30' E), 
172, 271 
Derby (17°19’S 123?38' E), 43, 44, 106, 
110, 112, 125, 224, 236, 303, 326 
Emmanuel Yard (17°22’S 123?59' E), 
43, 128 
Fitzroy Crossing (18°13’S 125?33' E), 
110, 357t 
Forrest River (c. 15?18' S 128?04" E), 43 
Galvans Gorge (16?48' S 125?50' E), 65 
Gee Gully (18?22'S 123?45' E), 303 
Glenroy (17?23' S 126*01' E), 303 
Great Sandy Desert (c. 20°00°5 
122°30’E), 45, 302f, 306 
Hann River (c. 17°26’S 126°17’E), 
44, 129 
Hanover Bay (15°15’S 124°41’E), 29 
Hall’s Creek (18?17'S 127?38' E), 46, 106 
Hart (16?25' S 125?03' E), 109, 395 
Hillgrove (15?29'S 128?05' E), 44, 110f 
Karunjie Station (15?29'S 128?05'S), 
44, 128 
Kimberley region (с. 17?20'S 124?21' B), 
66, 74, 127, 129, 186, 303, 367 
King Leopard Range (c. 17°00’S 
125?00' E), 303 
King Sound (16?49' S 123?28' E), 29, 43, 
129, 272, 303 
Kununurra (15?42'S 128?50' S), 46, 66, 
124, 236, 3571, 372 
Kuri Bay (15?28'S 124°31’E), 47 
Logue River (c. 13?38' S 123°25’E), 103, 
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Nullabor Plateau (c. 31°S 128?E), 311 
Ord River (c. 15°12’S 128?12' E), 48, 236, 
301, 305 
Oscar Range (c. 17?30' S 125?00' B), 
303 
Osmond Creek (17?09' S 128?50' E), 236 
Osmond Plateau ((17?10'S 128?45' E), 
304 
Pearce Point (14?22'S 129?20' E), 186, 
262 
Pentecost (с. 15°56’S 127°48’E), 4 
Perth (31°58’S 115?59" E), 129, 138, 
272, 329 
Phillips Range (16°52’S 125?58' E), 65 
Point Torment (17?00' S 123?34' E), 29 
Purnululu [Bungle Bungle] (National Park 
(17?21' S 128?377 E), 236 
Scott River (c. 34?16'S 115?14" E), 329 
Sheep Island (15?29'S 124?39' E), 47 
South Grailbourne Island (16?05'S 
123?25' B), 27, 261 
Tableland (17?15'S 126?48' E), 303, 324 
Turkey Creek (17°04’S 128?15' E), 
66, 305 
Vansittart Bay (14?03'S 126?17" E), 261 
Wahlroonga (25?29'S 114?20' E), 272 
Winnama Gorge (17°12’S 128?15' E), 236, 
305 
Wyndham (15?29'S 128°05’E), 44, 110, 
128, 144, 272 


Western Sahara 


Cap Boujdour [Cap Bojador] (26°06’N 
14*33* W), 5 
Rio de Oro (c. 23-24°N 12°E)), 316 


Yemen, 332, 364 


Aden (12°50’N 45?03' B), 14, 310, 317 

Bani Dawãn (n.l.), 284 

Jabal Raymah (14°08’N 44?15" E), 28, 
265, 278, 284 


216, 236 Samsara (13°15’N 44?00' E), 284 
Lombadina (16°04’S 122°54’E), 165, 169, Taiz Province (с. 13°35’N 54?22^ E), 284 
172, 271 
Looma (18°02’S 124?08' E), 66 
Meda Station (17?22'S 123?59' E), Z 
43, 128 Zaire. See Democratic Republic of the Congo 


Mount Annan (c. 31°58’S 115?49" E), 272 
Mount Barnett (16°47°5 125°51’E), 44, 129 
Mount Clarkson (17°34’S 123°19°E), 42 
Mowanjum (17°23’S 123°41’E), 106 
Napier Range (c. 17°00°5 124°50’E), 303 
North West Cape (21?47' S 114?10' E), 329 


Zaire River (c. 16°04’S 12?24" E), 284 
Zambezi River (11?23'S 24?20'E-18?50'S 
36?20' E), 58, 59, 131, 278, 310 
Zambia, 33, 34, 50, 118, 120, 127, 152, 279, 
346, 347, 360, 361 
Chikwenya Island (15°39’S 29°33’E), 58 
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Zambia (cont.) 


Chitambo (12°55’S 30?40' E), 33 

Kafue National Park (14?30' S 26?10' E), 
57 

Kafue River (c. 15?55'S 28°55’E) 

Kalai Island (17°54’S 31?31' E), 33 

Kapsiya [Pa Mlambi], 50 

Kasanka National Park (12?35' S 30?12' E), 
33 

Kayila (10°18°5 33?28' E), 400 

Kayila Lodge (10°18’S 33?28' E), 400 

Lake Kariba (c. 17°S 28°E), 34, 156, 228 

Livingstone Island. See Namakabwa Island 

Livingstone Memorial (12?18'S 30?18'E), 
33 

Luangwa Valley (c. 11°55’S 32?10' E), 50, 
58, 205, 279 

Magoyi River (c. 16°00’S 27?35' E), 57 

Mchinga Plateau (13?11'S 30°55’E), 50 

Mwamba (12°42’S 31°51’E), 50, 345t 

Namakabwa [Livingstone] Island (17°55’S 
25°51Е),:33 

Ра Mlambi. See Kapisya 

Victoria Falls (17°56’S 25°52’B), 8, 33, 
35, 36, 131, 133, 224, 225 

Zambezi Escarpment (с. 16°00’S 
29°00’E), 34 


Zimbabwe, 33, 35, 39, 75, 77, 92, 95, 105, 


109, 111, 115, 137, 164, 225, 229, 
266, 280, 346, 361, 371, 386 
Birchenough Bridge (19°58’S 32?20' E), 
106 
Cheshire Farm (18?01' S 42?00' E), 279 
Chimanimani [Melsetter] (18?48'S 
32?50' B), 107 
Chinhoyi [Sinoia] (17°21°5 44?13' E), 151; 
Chipinga (20°12’S 32?48' E), 107 
Chisadenga Pool, xiv (21?03' S 31?40' E) 
Chitako-changonya (18°37’S 31?38' E), 34 
Chivi (c. 20°10’S 30?49^ E), 33 
Devure (Devuli) River (c. 20°09’S 
32?07 E), 106 
Drie-Span Berg (20°07°5 32?29' E), 35 
Fort Victoria. See Masvingo 
Highlands (17?48' S 31?05' E), 210, 211 
Hippo Valley Estate (21°10°5 31?33'E), 109 
Hwange [Wankie] (18°20’S 26°25’E), 
1487, 151 
Inyanga (18?13'S 32?46' E), 229 
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Iskukuza (24?59' S 31?36' B), 157 
Katima Mulilo (17?30'S 24°16’E), 39, 
109, 110f 
Kwe Kwe District (c. 18°45’S 29?30' E), 
109 
Lake Kariba (16?31' S 28?50' E), 34, 156, 
228 
Lundi River (c. 20?15'S 30°13’E), 
109 
Mana Pools (15?45' S 29?22' E), 34, 58, 
148, 279 
Mana Pools National Park (15?50'S 
29?23' B), 148, 279 
Marymount Mission (16?40' S 32?26' E), 
179 
Masapa (16?15' S 31?39' E), 105 
Masvingo [Fort Victoria, Zambezi ruins] 
(20°10°5 30?49' E), 33 
Melsetter. See Chimanimani 
Mount Darwin (16?45' S 31?39' E), 105 
Msuna (18?01'S 26?50' E), 33 
Mutare [Umtali] (19°00’S 32?40' E), 107 
Mutoko (17°24’S 32?13' E), 55, 105, 107, 
111 
Ngesi National Park (18?41'S 30?25' E), 
229 
Nkayi (19?00' S 28°54’E), 59 
Nyanga Communal Lands (c. 18°13’S 
32°45’E), 279 
Nyanga North (c. 17°27°5 32°50’E), 107 
Nyanga North Communal Lands 
(с. 17°27°'8 32?50' B), 107 
Patuuyu tusere [Tuuyu tusere], 34 
Sapi River (c. 16°22’S 29°55’E), 58 
Save [Sabi] River (с. 20?22'S 30?13'S), 
287 
Simba School (17?24' S 31?23' E), 59 
Sinoia. See Chinhoy 
Skukuza (24?59' S 31?36' E), 157 
Triangle (21?05'S 31?28' E), 107, 396 
Tshitashawa (n.1.), 39, 60, 225 
Tsholotsho Communal Lands (n.1.), 60 
Turwi [Turgwe] River (20?27' S 32?177 E), 
33 
Tuuyu tusere. See Patuuyu tusere 
Umtali. See Mutare 
Victoria Falls. See Zambia 
Wankie. See Hwange 
Zambezi (ruins). See Masvingo 


